




























➨ 1 ❶ ⥴ゝ ........................................................................... 1 
1.1 ⫼ᬒ .................................................................................. 1 
1.1.1 ࣐࢖ࢡࣟὶ㊰࡟࠾ࡅࡿᚤ㔞ᾮయࡢィ㔞 ....................... 5 
1.1.2 ࣐࢖ࢡࣟὶ㊰࡟࠾ࡅࡿΰྜ ........................................ 7 
1.1.3 ࢱࣥࣃࢡ྾╔ᢚไ⾲㠃ฎ⌮ ........................................... 9 
1.1.4 ⾑⌫ィᩘ㒊 ࣐࢖ࢡࣟࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱ ................. 10 
1.2 ᮏㄽᩥࡢ┠ⓗ ................................................................... 13 
1.3 ᮏㄽᩥࡢᵓᡂ .................................................................. 15 
ཧ⪃ᩥ⊩ ................................................................................. 18 
➨ 2 ❶ ᚤ㔞࡞⾑ᾮヨᩱࡢィ㔞 ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧ .. 27 
2.1 ⥴ゝ ................................................................................ 27 
2.2 ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧࡢᵓ㐀࡜タィ ................................. 31 
2.2.1 㟼ⓗ᥋ゐゅ࠾ࡼࡧືⓗ᥋ゐゅࡢ ᐃ⤖ᯝ .................... 41 
2.2.2  ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧࡢタィ ..................................... 45 
2.3 ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧࡢస〇 ........................................... 48 
2.4 ホ౯ᐇ㦂࡜⤖ᯝ⪃ᐹ ........................................................ 52 
2.5 ⤖ゝ ................................................................................ 58 
ཧ⪃ᩥ⊩ ................................................................................. 59 
➨ 3 ❶ ࣐࢖ࢡ࣑ࣟ࢟ࢧ ................................................ 61 
3.1 ⥴ゝ ................................................................................ 61 
3.2 ᐇ㦂 ................................................................................ 69 
3.2.1 ㉁㔞ศᕸᆺ࣑࢟ࢧࡢᵓ㐀࡜ཎ⌮ ................................. 69 
3.2.2 ᭷㝈せ⣲ἲ࡟ࡼࡿᙉไ᣺ື᫬ࡢኚᙧゎᯒ .................... 74 
3.2.3 ㉁㔞ศᕸᆺ࣑࢟ࢧࡢస〇 ............................................ 78 
3.2.4 ࢻࢵࣉ࣮ࣛ᣺ືィ࡟ࡼࡿ᣺ᖜศᕸ ᐃ ....................... 81 
3.2.5 ⺯ග⢏Ꮚࢆ⏝࠸ࡓὶࢀࡢྍど໬࡜ΰྜ⋡ ᐃ ............. 83 
3.3 ⤖ゝ ................................................................................ 89 
ཧ⪃ᩥ⊩ ................................................................................. 90 
➨ 4 ❶ ࢱࣥࣃࢡ㉁྾╔ᢚไ⾲㠃ฎ⌮ ................................ 93 
4.1 ⥴ゝ ......................................................................................... 93 
 ii 
4.2 ࢱࣥࣃࢡ㉁྾╔ᢚไࡢཎ⌮ .................................................... 96 
4.2.1 ࣉࣝࣟࢽࢵࢡࡢศᏊᵓ㐀 ................................................. 96 
4.2.2 ࣉࣝࣟࢽࢵࢡࡢࢱࣥࣃࢡ㉁྾╔ᢚไཎ⌮ ....................... 97 
4.3 ⾲㠃ฎ⌮᪉ἲ .......................................................................... 99 
4.3.1 ᶞ⬡ᇶᯈ࠾ࡼࡧ⾲㠃ฎ⌮๣ ............................................. 99 
4.3.2 ⾲㠃ฎ⌮ᡭ㡰 ................................................................. 101 
4.4 ࢱࣥࣃࢡ྾╔ᢚไࡢホ౯ ..................................................... 103 
4.4.1 ᥋ゐゅ ᐃ ..................................................................... 103 
4.4.2 ᣦඛ⾑ࢆ⏝࠸ࡓ⾑ᾮ྾╔ホ౯ ........................................ 105 
4.4.3 ⺯ගᶆ㆑ᢠయࢆ⏝࠸ࡓࢱࣥࣃࢡ྾╔㔞ホ౯ .................. 107 
4.5 ᐇ㦂⤖ᯝ࠾ࡼࡧ⪃ᐹ ............................................................. 108 
4.5.1 ᥋ゐゅ ᐃ ..................................................................... 108 
4.5.2 ᣦඛ⾑ࢆ⏝࠸ࡓ⾑ᾮ྾╔ホ౯ .........................................111 
4.5.3 ⺯ගᶆ㆑ᢠయࢆ⏝࠸ࡓࢱࣥࣃࢡ྾╔㔞ホ౯ .................. 116 
4.6 ⤖ゝ ....................................................................................... 120 
ཧ⪃ᩥ⊩ ........................................................................................ 121 
➨ 5 ❶ ࣐࢖ࢡࣟࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱ .............................. 123 
5.1 ⥴ゝ ....................................................................................... 128 
5.2 ࣐࢖ࢡࣟࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱࡢస〇᪉ἲ ............................ 128 
5.2.1 ࣐࢖ࢡࣟὶ㊰ᡂᙧရ ...................................................... 128 
5.2.2 㟁ᴟࢩ࣮ࢺ ..................................................................... 130 
5.3 ㄢ㢟ゎỴࡢᥦ᱌ .................................................................... 132 
5.3.1 ヨᩱᾮ㔞ࡢ୍ᐃ໬ ............................................................. 132 
5.3.2 ࣐࢖ࢡࣟὶ㊰࡬ࡢ⾑⌫௜╔ᢚไ ....................................... 134 
5.4 ᐇ㦂᪉ἲ ............................................................................... 136 
5.4.1 ⾑⌫ࡢ࢔ࣃ࣮ࢳࣕ㏻㐣ほᐹ࡜㟁Ẽ᢬ᢠ ᐃ್ࡢྠᮇィ 
...................................................................................................... 136 
5.4.2 ㉥⾑⌫ィᩘィ  .............................................................. 138 
5.5 ᐇ㦂⤖ᯝ࠾ࡼࡧ⪃ᐹ ............................................................. 140 
5.5.1 ࢥ࣮ࣝࢱ࣮ཎ⌮ࡢ᳨ド ................................................... 140 
5.5.2 ㉥⾑⌫ィᩘ ヨᩱᾮ㔞୍ᐃ໬ᶵᵓࡢ᳨ド ..................... 141 
5.6 ⤖ゝ ....................................................................................... 143 
 iii 
ཧ⪃ᩥ⊩ ........................................................................................ 144 
➨ 6 ❶ ⾑⌫ィᩘ⏝㞟✚໬ࢹࣂ࢖ࢫ ...................................... 146 
6.1 ⥴ゝ ....................................................................................... 146 
6.2 ࢹࣂ࢖ࢫ࠾ࡼࡧ⿦⨨ࡢస〇 .................................................. 150 
6.2.1 ๓ฎ⌮ࢹࣂ࢖ࢫ .............................................................. 150 
6.2.2 ㏦ᾮไᚚ⿦⨨ ................................................................. 153 
6.2.3 ィᩘࢹࣂ࢖ࢫ ................................................................... 156 
6.3 ᐇ㦂 ....................................................................................... 157 
6.3.1 ๓ฎ⌮ࢹࣂ࢖ࢫࡢᕼ㔘෌⌧ᛶホ౯ ................................ 157 
6.3.2 ๓ฎ⌮ࢹࣂ࢖ࢫ࡜⾑⌫ィᩘࢹࣂ࢖ࢫࡢ⥲ྜホ౯ .......... 160 
6.3.3 ⾑⌫ィᩘ ᐃ෌⌧ᛶ୙Ⰻࡢཎᅉ㏣ồ ............................. 164 
6.4 ⤖ゝ ....................................................................................... 169 
ཧ⪃ᩥ⊩ ........................................................................................ 170 
➨ 7 ❶ ⤖ゝ ......................................................................... 173 
7.1 ᮏㄽᩥࡢ⤖ㄽ ................................................................. 173 
ᮏㄽᩥ࡟㛵ࡍࡿබ⾲ㄽᩥ ............................................... 177 








➨ 1 ❶ ⥴ゝ  
 




ࡋࡓ µTAS㸦Micro Total Analysis Systems㸧 [1]࡟㛵ࡍࡿ◊✲ࡀ┒ࢇ࡟⾜
ࢃࢀ࡚࠸ࡿ [2]ࠋµTAS ࡣ MEMS㸦Microelectromechanical Systems㸧ᢏ⾡
[3][4]➼ࡢᚤ⣽ຍᕤᢏ⾡࡟ࡼࡾࢹࣂ࢖ࢫࢆᑠᆺ໬ࡋࠊࢹࣂ࢖ࢫࡢᑠᆺ໬
࡟క࠺ࢫࢣ࣮ࣝຠᯝࢆ⏝࠸࡚ࠊ  
1) ศᯒᾮ㔞ࡢ๐ῶ  
2) ཯ᛂࡢ㎿㏿໬  








฼⏝ࡋࡓ◊✲ࡀከࡃⓎ⾲ࡉࢀ࡚࠸ࡿ [6] [7]ࠋ  

















㔞ࢆῶᑡࡉࡏࠊ᳨ᰝ⤖ᯝࢆᚓࡿࡲ࡛ࡢ᫬㛫ࠊ࠸ࢃࡺࡿ turn around time




POCT ⏝ µTAS ࢹࣂ࢖ࢫࡣᐇ⏝໬ࡉࢀ࡚࠸࡞࠸ࠋᕤ⛬ࡢ୍㒊ࢆ㞟✚໬
ࡋ࡚ᐇ⏝໬ࡉࢀࡓ౛ [26][27]࡟࠾࠸࡚ࡶࠊၟᴗⓗ࡟ᡂຌࡋࡓࠊ࠸ࢃࡺࡿ࢟
࣮ࣛ࢔࢖ࢸ࣒࡜࡞ࡗࡓ౛ࡣ࡞ࡃ [28][29]ࠊ᭦࡞ࡿ◊✲ࡀᚲせ࡜ࡉࢀ࡚࠸ࡿࠋ 









せ࡛࠶ࡿࠋࡍ࡞ࢃࡕࠊPOCT ⏝ µTAS ࢹࣂ࢖ࢫࡢㄢ㢟ࡣࠊ  
①  ಙ㢗ᛶ㸦᳨ᰝ⤖ᯝࡢ෌⌧ᛶ㸧  
②  ⡆౽ᛶ㸦౑࠸᫆ࡉ㸧  
③  ࢥࢫࢺ  




















































⬡ [44]㸪࣏࣮ࣜ࢝࣎ࢿ࣮ࢺ [45]㸪ࢩࢡࣟ࢜ࣞࣇ࢕ࣥ⣔ᶞ⬡ [46][47]➼ࡀᇶᯈ
࡜ࡋ࡚⏝࠸ࡽࢀ࡚࠸ࡿࠋࡇࢀࡽࡢࣉࣛࢫࢳࢵࢡ〇ࢹࣂ࢖ࢫࡣࠊࢯࣇࢺ








 ᮏㄽᩥࡣࠊᅜෆ࡟࠾࠸࡚ᖺ㛫 9000 ୓ࢸࢫࢺ࡜㠀ᖖ࡟᳨ᰝᩘࡢከ࠸⾑
⌫ィᩘ᳨ᰝ [48]ࢆᑐ㇟࡜ࡋ࡚ࠊ①ಙ㢗ᛶ㸦᳨ᰝ⤖ᯝࡢ෌⌧ᛶ㸧㸪②⡆౽




(1) ィ㔞ᶵᵓ  
(2) ࣑࢟ࢧ  


























































          (a) Open                  (b) Close 
 
ᅗ 1-1 PDMS 〇࣐࢖ࢡࣟὶ㊰࡜✵Ẽᅽࢆ฼⏝ࡋࡓྍືࣂࣝࣈ  














Applied Pressure 䠘 Y Liquid stop















ᅗ 1-2 ␯Ỉᛶࣃࢵࢩࣈࣂࣝࣈ  



















࠸ [52][53]ࠋWong ࡽ , Bothe ࡽ , Hoffmann ࡽࡣࠊT Ꮠᆺࡢὶ㊰ࢆ⏝࠸࡚ᾮ
࡜ᾮࢆྜὶࡉࡏࡿࡇ࡜࡟ࡼࡾΰྜࡉࡏࡓ࠸ 2 ✀㢮ࡢヨᩱࡢ㛫ࡢ⏺㠃ࡢ
㠃✚ࢆቑ኱ࡉࡏࠊ≀㉁ᣑᩓࢆಁ㐍ࡉࡏࡿࣃࢵࢩࣈ࣑࢟ࢧࢆᥦ᱌ࡋ࡚࠸
ࡿ [54] -[56]ࠋࡲࡓࠊSchonfeld ࡽࡣࠊ2 ✀㢮ࡢヨᩱࡢྜὶᅇᩘࢆቑࡸࡍࡓ
ࡵࠊศᒱ࡜ྜὶࢆ⧞ࡾ㏉ࡍᵓ㐀ࡢὶ㊰ࢆ฼⏝ࡋࡓࣃࢵࢩࣈ࣑࢟ࢧࢆሗ
࿌ࡋ࡚࠸ࡿ [57]ࠋࡉࡽ࡟ࠊBhagat ࡽ ,  Wang ࡽ , Chen ࡽࡣࠊศᒱ࡜ྜὶࢆ
⧞ࡾ㏉ࡉࡏࡿࡓࡵ࡟ὶ㊰ෆ࡟ࣆ࣮ࣛ࡞࡝ࡢ㞀ᐖ≀ࢆタࡅࡓࣃࢵࢩࣈ࣑









ὶ㊰ᵓ㐀࡛ᐇ⌧ྍ⬟࡛࠶ࡿ࠸࠺฼Ⅼࡀ࠶ࡿ [52][53][64][65]ࠋSheen ࡽ , Jang
ࡽ , Yang ࡽ ,ࡣ㸪ᅽ㟁⣲Ꮚࡢ᣺ືࢆ฼⏝ࡋ࡚࣐࢖ࢡࣟὶ㊰ෆࡢὶࢀࢆಁ
㐍ࡉࡏࡿ࢔ࢡࢸ࢕ࣈ࣑࢟ࢧࢆሗ࿌ࡋ࡚࠸ࡿ [66] -[69]ࡀࠊΰྜホ౯࡟⏝࠸
ࡿᾮ㔞ࡀᩘ nL㹼ᩘ µL ࡛࠶ࡾࠊ100 ಸ⛬ᗘࡢᕼ㔘ࢆᚲせ࡜ࡍࡿ⾑⌫ィ
ᩘࢹࣂ࢖ࢫ࡟㐺⏝ࡍࡿ࡟ࡣᑡ㔞㐣ࡂࡿ࡜࠸࠺ၥ㢟ࡀ࠶ࡿࠋࡲࡓࠊΰྜ











ᩘ nL㹼ᩘ µL ௨ୗᑡ㔞࡛࠶ࡿࡇ࡜ࠊΰྜᚋࡢ࣑࢟ࢩࣥࢢ࢖ࣥࢹࢵࢡࢫ







































࡚⡆᫆࡟⾲㠃ฎ⌮ࢆ⾜࠺ࡇ࡜ࡀ࡛ࡁ࡞࠸ࠋࡑࡇ࡛ࠊBi ࡽ , Xiao ࡽࡣࠊ
ᶞ⬡⾲㠃ࡢ␯Ỉᇶ࡜␯Ỉ⤖ྜ࡛ࡁࡿ␯ỈᇶࢆศᏊᵓ㐀࡟ྵࡴ࣏࢚ࣜࢳ
ࣞࣥࢢࣜࢥ࣮ࣝࢆ⾲㠃ฎ⌮๣࡜ࡋ࡚⏝࠸ࠊ༢⣧࡞Ỉ⁐ᾮࢆ⏝࠸࡚࢔ࢡ































⣙ 500 ୓ಶࡢ㉥⾑⌫ࡀྵࡲࢀࠊࡑࡢࡲࡲ࡛ࡣ㧗⃰ᗘࡍࡂࡿࡓࡵࠊ1 ୓

















































ᅗ 1-3 ࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱࡢཎ⌮  















1.2 ᮏㄽᩥࡢ┠ⓗ  




ࡢ 3 ࡘࡢㄢ㢟ࢆྠ᫬࡟ゎỴࡋࡓ㞟✚໬ POCT ࢹࣂ࢖ࢫ࡜ࡋ࡚⾑⌫ࢆィ


















































































































➨ 6 ❶ ⾑⌫ィᩘ⏝㞟✚໬ࢹࣂ࢖ࢫ  
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➨ 2 ❶ ᚤ㔞࡞⾑ᾮヨᩱࡢィ㔞  
 ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧ  
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Swierkowski ࡽࡣࠊ࢖ࣥࢡࢪ࢙ࢵࢺࡢཎ⌮ࢆ⏝࠸ࡓ࣐࢖ࢡࣟࢹ࢕ࢫ












ὶ㊰ࡢᅽຊ㞀ቨ Y ࡣࠊ௨ୗࡢࣖࣥࢢ㸫ࣛࣉࣛࢫᘧ࡛୚࠼ࡽࢀࡿࠋ  
 




























Applied Pressure 䠘 Y Liquid stop






























ᅗ 2-1 ␯Ỉᛶࣃࢵࢩࣈࣂࣝࣈࡢᵓ㐀ᴫᛕᅗ  
















































ᅗ 2-2 ␯Ỉᛶࣃࢵࢩࣈࣂࣝࣈࢆ฼⏝ࡋࡓ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧ  
Fig.2-2 A microdispenser utilizing a hydrophobic passive valve 
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2.2 ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧࡢᵓ㐀࡜タィ  




























௨ୖࡢ⪃ᐹ࠿ࡽྤฟᅽຊ D ࡣࠊୗᘧ (2)࡛⾲ࡍࡇ࡜ࡀ࡛ࡁࡿࠋ  
 
D = -2γ cosθ e(1/w + 1/h) + Nc/Sc               (2) 
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ࡇࡇ࡛ࠊγࡣᾮయࡢ⾲㠃ᙇຊ࡛࠶ࡾࠊw ࡣ⊃✽㒊ࡢὶ㊰ᕵ㸪h ࡣ⊃✽
㒊ࡢὶ㊰῝ࡉ㸪θ e ࡣᣑᙇ๓㐍ゅ , Nc ࡣィ㔞ὶ㊰ෆቨ࠿ࡽヨᩱࢆᘬࡁ๤
ࡀࡍࡢ࡟ᚲせ࡞ຊ , Sc ࡣィ㔞ὶ㊰ࡢ᩿㠃✚ࢆࡑࢀࡒࢀ⾲ࡍྤࠋ ฟᅽຊ D


















ࢫࢳࣞ 㸦ࣥHH-102, Japan PolyStyrene㸧〇ᇶᯈ࡟ࢫࣉ࣮ࣞሬᕸࡋࡓࠋ



















⾑₢ࢆ⵨␃Ỉࢆ⏝࠸࡚ 5㸣࡟  ᕼ㔘ࡋࡓỈ⁐ᾮࠊࡢ 3 ✀㢮ࢆ⏝࠸ࡓࠋ⵨
␃Ỉ࡟ࡣࢱࣥࣃࢡ㉁ࡣྵࡲࢀ࡚࠾ࡽࡎࠊ5㸣⾑₢Ỉ⁐ᾮ࡜⾑₢ࡣྵ᭷ࡍ




࢜ࢼ࢖ࢨ࣮ (WINSTAT BF-ZC, ࢩࢩࢻ㟼㟁Ẽ♫ )ࢆ⏝࠸࡚ᇶᯈ
ࢆ㝖㟁  
㸰㸧 ⾲㠃ฎ⌮ࡋࡓ࣏ࣜࢫࢳࣞࣥᇶᯈୖ࡟ࡑࢀࡒࢀࡢᾮࢆࣀࢬࣝࢆ⏝
࠸࡚ 2 µL ⁲ୗ㸦ᅗ 2-8(a)㸧  
㸱㸧  1 ᅇ┠ࡢ㟼ⓗ᥋ゐゅࢆ ᐃ  
㸲㸧  ࣀࢬࣝࢆᇶᯈ࡟㏆࡙ࡅࠊᾮ⁲ࢆ඲㔞྾ᘬࡋྲྀࡾཤࡿ㸦ᅗ 2-8(b)㸧 
㸳㸧  ࣀࢬࣝࢆ⏝࠸࡚ 1 ᅇ┠ࡢᾮ⁲࡜ྠࡌ఩⨨࡟ 2 µL ⁲ୗ㸦ࣀࢬ  
ࣝෆࡣヨᩱᾮయ࡛‶ࡓࡉࢀ࡚࠸ࡿࡓࡵࠊ1 ᅇ┠ࡢ ᐃ࡜඲ࡃྠ  
ࡌヨᩱᾮయ࡛ࡣ࡞࠸ࡀࠊᡂศࡣྠ୍࡛࠶ࡿ㸧  
㸴㸧  2 ᅇ┠ࡢ㟼ⓗ᥋ゐゅࢆ ᐃ (ᅗ 2-8(c)) 











┿ࢆᅗ 2-10 ࡟♧ࡍࠋ1µL ࡢᾮ⁲ࢆᇶᯈ࡟ࣀࢬࣝࢆ⏝࠸࡚᥋ゐࡉࡏࡓึ
ᮇ≧ែࡢᾮ⁲ࡀᅗ 2-10 ࡢ (a)࡛࠶ࡾࠊෆᚄ 0.4mm ࡢࣀࢬࣝ࠿ࡽ 6µl/sec
࡛ᾮయࢆ౪⤥ࡋ࡚ᾮ⁲ࢆᣑᙇࡋ࡚࠸ࡿ㏵୰ࡢ≧ែࡢᾮ⁲ࡀ (b)࡛࠶ࡾࠊ
(c)ࡣ  ᣑᙇᚋࡢᾮ⁲࡛࠶ࡿࠋ⁲ୗࡋࡓึᮇࡢᾮ⁲ࢆᣑᙇࡉࡏ࡞ࡀࡽ 9.5














2-12 ࡟♧ࡍࠋ (a)ࡀึᮇ≧ែࠊࡍ࡞ࢃࡕᇶᯈࡀỈᖹࡢ≧ែ࡛࠶ࡾࠊ (b)
ࡀᇶᯈࢆ 38°ഴࡅࡓ≧ែࡢᾮ⁲ࡢ෗┿࡛࠶ࡿࠋ  






















(a) Applied pressure 䠘 Y













ᅗ 2-3 ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧࡢᵓ㐀  

















ᅗ 2-4 ྤฟ᫬ࡢὶ㊰ෆᾮయᣲື  






































ᅗ 2-5 ྤฟ᫬ࡢィ㔞ὶ㊰ᚋ᪉㒊ࡢᣑ኱ᅗ  






























ᅗ 2-6 ⁥ⴠゅ࡟࠾ࡅࡿᾮ⁲ࡢᶍᘧᅗ  

















ᅗ 2-7 㟼ⓗ᥋ゐゅࡢ ᐃ⿦⨨  
Fig.2-7 Experimental setup for static contact angle measurement 
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1mm 1mm 1mm












ᅗ 2-8 㟼ⓗ᥋ゐゅ ᐃ᫬ࡢᾮ⁲  


















ᅗ 2-9 ᣑᙇ๓㐍ゅࡢ ᐃ⿦⨨  



























         (a)                   (b)                    (c) 
 
ᅗ 2-10 ᣑᙇ๓㐍ゅ ᐃ᫬ࡢᾮ⁲  



















ᅗ 2-11 ⁥ⴠゅࡢ ᐃ⿦⨨  












        (a) Initial state              (b) At sliding angle 
 
ᅗ 2-12 ⁥ⴠゅ ᐃ᫬ࡢᾮ⁲  






























No treatment Distilled Water 88 99 2
5% Plasma solution 86 99 1
Plasma 84 99 1
Dimetyl silicone Distilled Water 104 108 3
5% Plasma solution 102 106 1
Plasma 101 105 2
Fluoric resin Distilled Water 116 121 31
5% Plasma solution 115 124 38
Plasma 114 120 26
2.2.1 㟼ⓗ᥋ゐゅ࠾ࡼࡧືⓗ᥋ゐゅࡢ ᐃ⤖ᯝ  




⾲ 2-1 㟼ⓗ᥋ゐゅ , ᣑᙇ๓㐍ゅ࠾ࡼࡧ⁥ⴠゅࡢ ᐃ⤖ᯝ  
Table.1 Measurements results of Static contact angle, Extension 




















⵨␃Ỉࡢሙྜࡣࠊ↓ฎ⌮ࡢᇶᯈ࡛ 1 ᅇ┠ࡢᖹᆒ್ 88°㸦ศᩓ 1.7°㸧
࡛࠶ࡗࡓࡶࡢࡀ 2 ᅇ┠ࡢᖹᆒ್ 89°㸦ศᩓ 1.2°㸧㸪࣏ࣜࢪ࣓ࢳࣝࢩࣟ
࢟ࢧࣥฎ⌮ᇶᯈ࡛ᖹᆒ್ 104°㸦ศᩓ 2.1°㸧࡛࠶ࡗࡓࡶࡢࡀᖹᆒ್
104°㸦ศᩓ 2.0°㸧㸪ࣇࢵ⣲ᶞ⬡ฎ⌮ᇶᯈ࡛ᖹᆒ್ 116°㸦ศᩓ 2.1°㸧

























↓ฎ⌮ࡢᇶᯈ࡟࠾࠸࡚ࠊ⵨␃Ỉ , 5%⾑₢⁐ᾮ , ⾑₢ࡢሙྜ࡟࠾࠸࡚
ࡑࢀࡒࢀ⁥ⴠゅࡣࠊ2°, 1°, 1°࡛࠶ࡗࡓࠋྠᵝ࡟࣏ࣜࢪ࣓ࢳࣝࢩࣟ










































































No treatment Polydimethylsiloxane Fluoric resin






























































































ᅗ 2-13 㟼ⓗ᥋ゐゅࡢ ᐃ⤖ᯝ  




2.2.2  ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧࡢタィ  
 ィ㔞ὶ㊰࠾ࡼࡧ⊃✽㒊ࢆタィࡍࡿࡓࡵ࡟ࠊࣇࢵ⣲ᶞ⬡࡟ࡼࡿ␯Ỉᛶ
ฎ⌮ࢆ⪃៖ࡋࡓྤฟᅽຊࢆồࡵࡿࠋ  














⁲࡟స⏝ࡍࡿຊ N ࡣୗᘧࡼࡾᚓࡽࢀࡿࠋ  
 
N = Mgsinφ              (3) 
 
ࡇࡇ࡟ࠊM ࡣᾮ⁲ࡢ㉁㔞ࠊg ࡣ㔜ຊຍ㏿ᗘࠊφࡣ⁥ⴠゅ࡛࠶ࡿ  
୍᪉ࠊᅛᾮ⏺㠃࠿ࡽᅛẼ⏺㠃࡬࡜⨨᥮ࡉࢀቃ⏺⥺ࡢ㛗ࡉ L ࡣࠊᾮ⁲࿘
ᅖ㛗ࡢ༙ศ࡛࠶ࡿࡢ࡛ᾮ⁲ࡢ༙ᚄࢆ r ࡜ࡋ࡚ࠊ  
 
L = πr                                           (4) 
 
࡛࠶ࡿࠋቃ⏺⥺ࡢ༢఩㛗ࡉ࠶ࡓࡾ࡟స⏝ࡍࡿຊ K ࡣࠊ  
 
K = N/L = (Mgsinφ )/( πr)                               (5) 
 
࡛࠶ࡿࠋ  
ィ㔞ὶ㊰ࡢ᩿㠃ᑍἲࢆࠊᕵ wm ࠊ῝ࡉ hm ࡜ࡍࡿ࡜ࠊྤฟࡢ㝿࡟⏺㠃
⨨᥮ࡉࢀࡿ㠃ࡢቃ⏺⥺ࡢ㛗ࡉࡣὶ㊰᩿㠃ࡢ࿘ᅖ㛗࡜ྠ୍࡛࠶ࡿࡢ࡛ࠊ
ィ㔞ὶ㊰ෆࡢ⏺㠃⨨᥮ቃ⏺⥺ࡢ㛗ࡉ  Lc ࡣࠊ  
 
Lc = 2(wm + hm)                                        (6) 
 
ὶ㊰ෆࡢ⏺㠃⨨᥮࡟ᚲせ࡞ຊ Nc ࡣࠊᘧ (5), (6)ࡼࡾࠊ  
 
Nc = KLc                                             (7) 
 
࡛࠶ࡿࠋࡇࡢຊ Nc ࢆᅽຊ࡜ࡋ࡚ィ⟬ࡍࡿ࡜  
 




Area displaced solid-liquid boundary to solid-air
ࡇࡇ࡛ࠊwm=hm =200μm ࢆ௬ᐃࡍࡿ࡜ࠊᅽຊ Pc ࡣ 0.84kPa ࡜࡞ࡿࠋ 
 ࡇࢀࡽࡢィ⟬࠿ࡽࠊィ㔞ὶ㊰ࠊ⊃✽㒊ࡢᖜ , ῝ࡉࢆࡑࢀࡒࢀ 200µm, 
50µm ࡜௬ᐃࡍࡿ࡜ࠊ㟼ⓗ᥋ゐゅ࡜ᘧ (1)ࢆ⏝࠸࡚ィ⟬࡛ࡁࡿྤฟᅽຊ
ࡀ 2.3kP ࡛࠶ࡿࡢ࡟ᑐࡋࠊᘧ (2)࡜ᣑᙇ๓㐍ゅ࠾ࡼࡧ⁥ⴠゅࢆ⏝࠸࡚ィ






ᐃࡋࡓࠋ200nl ࡢᾮ㔞࡜ 5kPa ௨ୗࡢྤฟᅽຊࢆ‶ࡓࡍࡓࡵࠊィ㔞ὶ
㊰ࡢᕵ࡜῝ࡉࢆ 200nmࠊ㛗ࡉࢆ 5mm ࡜ࡋࠊ⊃✽㒊ࡢᕵ࡜῝ࡉࢆ 50µm
௨ୖ࡜ࡋࠊ⊃✽㒊ࡢᑍἲ࡜ィ㔞⢭ᗘࡢ㛵ಀࢆホ౯ࡍࡿࡓࡵ」ᩘࡢᑍἲࠊ

















ᅗ 2-14 ⁥ⴠゅ࡟࠾ࡅࡿᾮ⁲㸫ᇶᯈ㛫ࡢ⏺㠃⨨᥮  
Fig.2-14 Replaced boundary face between droplet and substrate 
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2.3 ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧࡢస〇  
㗰ᮦࡢษ๐ຍᕤ࡟ࡼࡾ㔠ᆺࢆస〇ࡋࠊࡑࢀࢆ⏝࠸ࡓᑕฟᡂᙧ࡟ࡼࡾ

















࢝ࣂ࣮ࢩ࣮ࢺࡢ᥋ྜࡢᡭ㡰ࢆᅗ 2-17 ࡟♧ࡍࠋᅗ 2-17(a) ࡣ࣏ࣜࢫࢳࣞ
ࣥᡂᙧရࢆィ㔞ὶ㊰࡜ᖹ⾜࡟ษࡗࡓ᩿㠃ᅗ࡛࠶ࡿࠋᅗ 2-17(b)ࡣࠊ⾲㠃
ฎ⌮ࢆ♧ࡍࠋࣇࢵ⣲࢔ࢡࣜࣝᶞ⬡㸦FS-2010, Fluoro Technology㸧ཬ
ࡧ࣏ࣜࢪ࣓ࢳࣝࢩࣟ࢟ࢧࣥ㸦SH-200, NACALAI TESQUE㸧ࡢ 1% n-
࣊ࣉࢱࣥ㸦NACALAI TESQUE㸧⁐ᾮࢆࡑࢀࡒࢀㄪ〇ࡋࠊ࣏ࣜࢫࢳࣞ
ࣥᡂᙧရࡢὶ㊰ࡀᙧᡂࡉࢀ࡚࠸ࡿ㠃࡟ࢫࣉ࣮ࣞሬᕸࡋࡓࠋࡑࡢᚋࠊᐊ
 ⎔ቃୗ࡛ 24 ᫬㛫஝⇱ࡉࡏࡓࠋᅗ 2-17(c)ࡣࠊ࢝ࣂ࣮ࢩ࣮ࢺࡢ᥋ྜࢆ
♧ࡍࠋὶ㊰ࡢ⵹࡜࡞ࡿ࢝ࣂ࣮ࢩ࣮ࢺ࡟ࡣࠊ50µm ཌࡢ PET(polyethyle- 











































ᅗ 2-15 ᑕฟᡂᙧࡢᕤ⛬ᴫᛕᅗ  
































ᅗ 2-16 ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧᡂᙧရ  





(b) Hydrophobic resin coating
(c) Stick a cover sheet
(d) Usage state



































ᅗ 2-17 ⾲㠃ฎ⌮࡜࢝ࣂ࣮ࢩ࣮ࢺ᥋ྜ  
Fig.2-17 Process of surface treatment and bonding 
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Ⰽ⣲ࢆྵࡳୟࡘࢱࣥࣃࢡ㉁ࢆྵࡴヨᩱ࡜ࡋ࡚㟷Ⰽ 1 ྕ㸦TOKYO 
CHEMICAL INDUSTRY㸧࡜⾑₢ࢆࡑࢀࡒࢀ 0.3%, 5%ࡢ⃰ᗘ࡛ྵࡴỈ
⁐ᾮ࡟ㄪ〇ࡋࡓࠋ ࡇࡢヨᩱ࡜స〇ࡋࡓࢹࣂ࢖ࢫࢆ⏝࠸ࡓィ㔞࠿ࡽᕼ㔘






ࢺࣆ࣌ࢵࢺࢆ⏝࠸࡚ 50µL ࡢ⵨␃Ỉࢆධࢀࡿࠋేࡏ࡚ࠊ┤ᚄ 0.5mm ࡢ
ࢫࢸࣥࣞࢫ〇ࣅ࣮ࢬࢆΰྜࢳࣕࣥࣂ࡟ධࢀࡿࠋᅗ 2-18(c)࡟♧ࡍࡼ࠺࡟ࠊ
ࡇࡢ≧ែ࡛࢔࢘ࢺࣞࢵࢺ࠾ࡼࡧ౑⏝ࡋ࡞࠸ィ㔞ὶ㊰㸦ᅗ 2-18(c)୰ࠊᕥ



















ಀᩘࡀ 3.3, 3.5%ࠊ90µm ௨ୗ࡛ࡣ 5%ࢆ㉸࠼ࡿ⤖ᯝ࡛࠶ࡾࠊ↓ฎ⌮ྠ
ᵝࠊ㏫ὶࡀ෌⌧ᛶࢆᝏ໬ࡉࡏ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓࠋࣇࢵ⣲ᶞ⬡ฎ⌮࡛
ࡣࠊὶ㊰ࢧ࢖ࢬࡀ୍㎶ 80µm ࡢ࡜ࡁ࡟᭱Ⰻࡢ෌⌧ᛶࡀᚓࡽࢀࠊኚືಀ
ᩘࡀ 1.25%࡛࠶ࡗࡓࠋ90µm, 100µm, 120µm ࡛ࡣࠊࡑࢀࡒࢀࠊ2.9%, 















  ࣇࢵ⣲ᶞ⬡ฎ⌮ࡢሙྜࡢࠊ㟼ⓗ᥋ゐゅ࡜ᘧ (1)࠿ࡽィ⟬࡛ࡁࡿྤฟᅽ
ຊࡢィ⟬್㸪ᣑᙇ๓㐍ゅ⁥ⴠゅ࡜ᘧ (2)ࢆ⏝࠸࡚ィ⟬ࡉࢀࡿྤฟᅽຊࡢ
ィ⟬್ࠊ࠾ࡼࡧᐇ ್ࢆᅗ 2-21 ࡟♧ࡍࠋᘧ (1)࠿ࡽィ⟬࡛ࡁࡿྤฟᅽ
ຊࡢィ⟬್ࡀ᭱ᑠࡢ್ࢆ♧ࡋࠊᣑᙇ๓㐍ゅ ,⁥ⴠゅ࡜ᘧ (2)ࢆ⏝࠸ࡓィ⟬
್ࡀ୰㛫್ࢆࠊᐇ ್ࡀ᭱኱್ࢆ♧ࡋࡓࠋ⊃✽㒊ࡢᑍἲࡀ 80µ㹫ࡢ࡜
ࡁࡢ್࡛ẚ㍑ࡍࡿ࡜ࠊᘧ (1)ࡢィ⟬್ , ᘧ (2)ࡢィ⟬್࠾ࡼࡧᐇ ್ࡀࡑ




































(a) Filling up channels by sample fluid
(b) Filling up a mixing chamber by distilled 











































ᅗ 2-18 ホ౯ᡭ㡰  
Fig.2-18 Process flow of the evaluation 
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Back flow




























ᅗ 2-19 ㏫ὶ᫬ࡢィ㔞ὶ㊰ඛ➃෗┿  
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ᅗ 2-20 ィ㔞ὶ㊰ඛ➃ᚄ㸪⾲㠃ฎ⌮ูࡢྤฟᾮ㔞ࡢኚືಀᩘ  
















ᅗ 2-21 ࣇࢵ⣲ᶞ⬡ฎ⌮࡟࠾ࡅࡿྤฟᅽຊࡢ᥎ᐃ್ཬࡧᐇ ್  
Fig.2-21 Estimation of discharge pressure and measurement results 
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➨ 3 ❶ ࣐࢖ࢡ࣑ࣟ࢟ࢧ  
 






኱ูࡉࢀࡿ [2]ࠋ  
ࣃࢵࢩࣈ࣑࢟ࢧࡣࠊ」㞧࡞ᵓ㐀ࢆὶ㊰ෆ࡟タࡅࡿࡇ࡜࡟ࡼࡾ≀㉁ᣑ
ᩓࢆಁ㐍ࡋࡓࡾὶ㊰ෆ࡟ ࢆⓎ⏕ࡉࡏࡓࡾࡍࡿࡶࡢ [2 ][3]࡛࠶ࡿࠋWong
ࡽ [4] , Bothe ࡽ [5] , ཬࡧ Hoffmann ࡽ [6]ࡣࠊT Ꮠᆺࡢὶ㊰㒊࡟ᾮ࡜ᾮࢆྜ
ὶࡉࡏࡿࡇ࡜࡟ࡼࡾΰྜࡉࡏࡓ࠸ 2 ✀㢮ࡢヨᩱࡢ㛫ࡢ⏺㠃ࡢ㠃✚ࢆቑ
኱ࡉࡏࡿࡇ࡜࡛≀㉁ᣑᩓࢆಁ㐍ࡉࡏࡿࡓࡵ࡟ࠊᅗ 3-1(a)࡟♧ࡍᵝ࡞ᵓ
㐀ࢆᥦ᱌ࡋ࡚࠸ࡿࠋࡲࡓࠊSchonfeld ࡽࡣࠊ␗࡞ࡿ 2 ᮏࡢὶ㊰ࢆࡑࢀࡒ
ࢀὶࢀࡿ 2 ✀㢮ࡢヨᩱࡀࠊ2 ᮏࡢὶ㊰ࡀ㸯ࡘࡢὶ㊰࡟ྜὶࡍࡿ⏺㠃࡟
࠾࠸࡚ᣑᩓࡀಁ㐍ࡉࢀࡿࡇ࡜ࢆ฼⏝ࡋࠊᅗ 3-1(b)࡟♧ࡍᵝ࡟ศᒱ࡜ྜ
ὶࢆ⧞ࡾ㏉ࡍᵓ㐀ࢆᥦ᱌ࡋ࡚࠸ࡿ [7 ]ࠋ᭦࡟ࠊBhagat ࡽ [8] , Wang ࡽ [9] , ཬ




















ࡽ [17][18]ࡣࠊᅗ 3-2(b)࡟♧ࡍᵝ࡟ࠊPZT ᅽ㟁⣲Ꮚࢆࢩࣜࢥࣥ〇࣓ࣥࣈࣞ
ࣥ࡟᥋╔ࡋࠊὶ㊰ቨࢆຍ᣺ࡍࡿࡇ࡜࡟ࡼࡾࠊΰྜࡍࡿ᪉ἲࢆᥦ᱌ࡋ࡚
࠸ࡿࠋࡋ࠿ࡋࠊYang ࡽࡢ᪉ἲࡣࠊ ࢆ⏕ᡂࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠸ࡓࡵຠ









࠸࡜࠸࠺ၥ㢟ࡀ࠶ࡿ [21]ࠋ  
ୖ㏙ࡋࡓࡼ࠺࡟ࠊࡇࢀࡲ࡛ᵝࠎ࡞ΰྜ⏝ࢹࣂ࢖ࢫࡢᵓ㐀࡜ཎ⌮ࡀᥦ
᱌ࡉࢀ࡚࠸ࡿࡀࠊ᭷ຠ࡞ΰྜᵓ㐀ࡣᮍࡔᐇ⌧ࡉࢀ࡚࠸࡞࠸ࠋ  
 ࣐࢖ࢡࣟὶ㊰ෆ࡛ࠊຠ⋡ࡢࡼ࠸ΰྜࢆᐇ⌧ࡍࡿ࡟ࡣࠊᅗ 3-3 ࡟♧ࡍ
ᵝ࡟ࠊὶ㊰ෆ࡟ΰྜࢆಁ㐍ࡍࡿ⢏Ꮚ➼ࢆධࢀ࡚ࠊᐇ㝿࡟ΰྜࡢᑐ㇟࡜
࡞ࡿᾮࡢ⏺㠃ࢆษࡿࡼ࠺࡟⢏Ꮚࢆ⛣ືࡉࡏࡿࡇ࡜ࡀᚲせ࡛࠶ࡿࠋ  
 ᅗ 3-4 ࡟♧ࡍࡼ࠺࡟ᐇ㝿࡟┤ᚄ 4mm ῝ࡉ 3.5mm ࡢ෇ᙧࡢ࣐࢖ࢡࣟࢳ
ࣕࣥࣂෆ࡟┤ᚄ 0.5mm ࡢ☢ᛶ⢏Ꮚࢆධࢀ࡚ࠊእ㒊☢⏺ࢆ⏝࠸࡚⵨␃Ỉ
࡜⾑ᾮࡢ 2 ᾮࢆΰྜࡋࡓሙྜࡢᐇ㦂᪉ἲࢆᅗ 3-5 ࡟♧ࡍࠋྛὶయࡢ≉






⾲ 3-1 ὶయ , ☢ᛶࣅ࣮ࢬ࠾ࡼࡧΰྜࢳࣕࣥࣂࡢ≉ᛶ  
Table.3-1 Properties of fluids, magnetic bead and mixing chamber 
Fluid Whole blood Distilled water
Mass density 1.06×103 [kg/m3] 1.00×103 [kg/m3]
Viscosity coefficient 4.71×10-3 [Pa䞉s] 0.894×10-3 [Pa䞉s]













 ෇⟄≧ࡢ࣐࢖ࢡࣟࢳࣕࣥࣂ࡜ࡋ࡚ᅗ 3-6 ࡟♧ࡍ➨ 2 ❶࡛స〇ࡋࡓ࣐
࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧࡢΰྜࢳࣕࣥࣂࢆ⏝࠸ࠊ⵨␃Ỉ 24µL ࢆΰྜࢳࣕࣥ
ࣂ࡟ධࢀࠊࡑࡢᚋࠊ඲⾑ 1µL ࢆΰྜࢳࣕࣥࣂ࡟㟼࠿࡟ධࢀ࡚ࠊ☢ᛶࣅ
࣮ࢬࢆ 300rpm ࡛ 20 ⛊㛫ᅇ㌿ࡋΰྜࡋࡓᚋࠊΰྜࢳࣕࣥࣂෆࡢヨᩱ
10µL ࢆ࣮࢜ࢺࣆ࣌ࢵࢺ࡛᥇ྲྀࡋࠊ࣊ࣔࢢࣟࣅࣥࡢ྾཰ࣆ࣮ࢡἼ㛗࡛࠶
ࡿ 550nm ࡢ྾ගᗘࢆศගගᗘィ࡛ ᐃࡋࡓࠋ  
྾ගᗘ ᐃࡢ⤖ᯝࢆᅗ 3-7 ࡟♧ࡍࠋᶓ㍈ࡣ 15 ᅇ⧞ࡾ㏉ࡋ⾜ࡗࡓ⤖ᯝ
ࡢಶࠎࡢ ᐃࢆ♧ࡋࠊ⦪㍈ࡣ྾ගᗘ࡛࠶ࡿࠋ15 ᅇࡢ☢Ẽࣅ࣮ࢬ࡟ࡼࡿ
ΰྜᐇ㦂ࡢ⤖ᯝࡢ࣊ࣔࢢࣟࣅࣥࡢ྾ගᗘࡣࠊ࡯ࡰྠ୍ࡢ್ࢆ♧ࡋࠊ15









































(d) Hydrophilic-hydrophobic pattern mixer 
 
ᅗ 3-1 ࣃࢵࢩࣈ࣑࢟ࢧ  



































(d) Electrophoretic mixer 
 
ᅗ 3-2 ࢔ࢡࢸ࢕ࣈ࣑࢟ࢧ  

























ᅗ 3-3 ஧ᾮࡢ⏺㠃ࢆᶓษࡿ⢏Ꮚ࡟ࡼࡿΰྜࡢᴫᛕᅗ  
Fig.3-3 Conceptual diagram of mixing by particle’s motion cutting across 
















ᅗ 3-4 ᚤᑠ☢ᛶࣅ࣮ࢬࢆ⏝࠸ࡓ࣐࢖ࢡ࣑ࣟ࢟ࢧ  














ᅗ 3-5 ☢ᛶ⢏Ꮚࢆ⏝࠸ࡓΰྜᐇ㦂ᡭ㡰  

















ᅗ 3-6 ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧᡂᙧရ  

















































ᅗ 3-7 ΰྜᚋ⁐ᾮࡢ 550nm ࡟࠾ࡅࡿ྾ගᗘ  



















3.2 ᐇ㦂  
3.2.1 ㉁㔞ศᕸᆺ࣑࢟ࢧࡢᵓ㐀࡜ཎ⌮  
ᅗ 3-8 ࡟♧ࡍࡼ࠺࡟ࠊⅬ Q ࡛ᅛᐃࡉࢀࡓࣂࢿ࡟㉁㔞 m ࡢ㉁Ⅼ P ࢆྲྀ
ࡾ௜ࡅࠊỈᖹ㠃ୖ࡛ x ㍈᪉ྥ࡟᣺ືࡍࡿ⣔ࢆ⪃࠼ࠊⅬ Q ࢆゅ᣺ືᩘ ω0 , 
᣺ᖜ a0 ࡛ኚ఩ࡉࡏࡓ࡜ࡁࡢⅬ Q ࡢᖹ⾮఩⨨࠿ࡽࡢࡎࢀࡀ  
x0(t)=a0cosω t ࡛⾲ࡉࢀࡓ࡜ࡍࡿ࡜ࠊ㉁Ⅼ P ࡢ㐠ື᪉⛬ᘧࡣࠊᘧ (1)࡛⾲
ࡉࢀࡿࠋ  
 









x ωcos0=++ &&&       (1) 
 
ࡇࡇ࡟ c ࡣࠊᮦᩱࡢᵓ㐀ῶ⾶ࡸᵓ㐀≀ࡀ᥋ࡍࡿὶయ࡟౫Ꮡࡋࡓኚᙧ᢬
ᢠ࡟ࡼࡿῶ⾶ಀᩘ࡛࠶ࡿࠋᘧ (1)࡟࠾࠸࡚ࠊ c/m=2γ, k/m=ω 02 ࡜᭩ࡅࡤࠊ
ᘧ (1)ࡣࠊᘧ (2)࡜᭩ࡅࡿࠋ  
 








tiAex ω=                            (3) 
 


























         (4) 
 









=                         (5) 
 











A                      (6) 
 
࡜࡞ࡿࠋῶ⾶ಀᩘࡀ༑ศᑠࡉ࠸㸦γ≪ω 0㸧࡜ࡁࡢᘧ (6)ࢆᅗ♧ࡋࡓࡢࡀࠊ
ᅗ 3-9 ࡛࠶ࡾࠊω=ω 0 ࡢ࡜ࡁࠊࡍ࡞ࢃࡕຍ᣺࿘Ἴᩘࡀ⣔ࡢඹ᣺࿘Ἴᩘ
࡜୍⮴ࡍࡿ࡜ࡁࠊ኱ࡁ࡞᣺ᖜࡀᚓࡽࢀࡿࡇ࡜ࡀศ࠿ࡿࠋ  
ᵓ㐀≀ࢆ᭷㝈せ⣲ἲࡢࡼ࠺࡟㞳ᩓ໬ࡋࡓ⣔ࢆ⏝࠸࡚ᐃᘧ໬ࡋࡓሙྜࠊ
ᘧ (1)ࡣᘧ (7)࡛⾲ࡉࢀࠊ  
 
FKUUCUM =++ &&&                       (7) 
 
ࡇࡇ࡟ࠊM ࡣ㞳ᩓ໬ࡋࡓ⠇Ⅼ࡟࠾ࡅࡿ㉁㔞 , U ࡣྛ᥋Ⅼኚ఩ ,  C ࡣῶ⾶








 ౛࠼ࡤࠊᅗ 3-12 ࡟♧ࡍࡼ࠺࡞ 8 ࡘࡢ␗࡞ࡿཌࡳࢆᣢࡗࡓ✺㉳ࢆ㓄⨨
ࡋࡓ෇ᯈࡢሙྜࠊᖹᆠ࡞෇ᯈ࡟ࣂࢿࢆ௓ࡋ࡚␗࡞ࡿ㉁㔞 M1 , M2 , M3, M4 , 














































ᅗ 3-8 ༢᣺ືࡢᶍᘧᅗ  

















ᅗ 3-9 ඹ᣺࿘Ἴᩘ  















ᅗ 3-10 ᯈࡢᐃᅾἼ  



















ᅗ 3-11 ␗࡞ࡿཌࡳࢆ⤌ࡳྜࢃࡏࡓቨ  





























(b) Principle of coupled oscillation 
 
 
ᅗ 3-12 ㉁㔞ศᕸᆺ࣐࢖ࢡ࣑ࣟ࢟ࢧཎ⌮ᅗ  
Fig.3-12 Principle of meta-structured mode modulation micro-mixer 
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3.2.2 ᭷㝈せ⣲ἲ࡟ࡼࡿᙉไ᣺ື᫬ࡢኚᙧゎᯒ  
ᅗ 3-11 ࡟♧ࡍཌࡉ 210µm ࡛┤ᚄ 1mm ࡢቨ࡟ෆ┤ᚄ 500µm,እ┤ᚄ
800µm ࡢ෇ᙧ≧࡟㝵ẁ≧࡟ 10, 20, 30, 40, 50, 60, 70, 80µm ࡢ 8 ࡘࡢ␗
࡞ࡿཌࡳࢆᣢࡗࡓ✺㉳ࡀ㓄⨨ࡉࢀࡓ෇ᯈࡢ࿘Ἴᩘᛂ⟅ࢆゎᯒࢯࣇࢺ
MSC MARC ࢆ⏝࠸࡚ゎᯒࡋࡓࠋ⾲ 3-2 ࡟♧ࡍࡼ࠺࡟ࠊPDMS ࡢ≀ᛶ್
࡜ࡋ࡚㉁㔞ᐦᗘࢆ  0.970 kg/m3 , ᙎᛶᐃᩘࡣ 870 kPa, ࣏࢔ࢯࣥẚ  0.499 




⾲ 3-2 ᭷㝈せ⣲ἲゎᯒࡢ᮲௳  
Table.3-2 Conditions of finite element method analysis 
Material : PDMS Mass density 0.970 kg/m3
Young's modulus 870 kPa
Poisson ratio 0.499
Structure : Circular disk Radius 500 um
Thickness 210 um
Internal radius of swells 250 um
External radius of swells 400 um
Hight of swells 10, 20, 30, 40, 50, 60, 70, 80 um
Analysis condition Method Finite element method
Mesh Quadrilateral





Displacement amplitude 1 um







㌿ゅ θ ࡜୰ᚰ࠿ࡽࡢ㊥㞳 r ࢆྲྀࡾࠊฝഃࡢ᭱኱ኚ఩఩⨨࡜พഃࡢ᭱኱
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ኚ఩఩⨨ࢆ♧ࡋ࡚࠸ࡿࠋຍ᣺࿘Ἴᩘࡀ 1840Hz ࡢሙྜ࡟ࡣࠊᅗ 3-14(a)
࡟♧ࡍᵝ࡟  (r, θ)=(230µm, 128°)ࡢ఩⨨࡟࠾࠸࡚᭱኱ฝኚ఩ࡣ 1.12µm
࡜࡞ࡾࠊ (r, θ)=(220µm, 356°)ࡢ఩⨨࡟࠾࠸࡚᭱኱พኚ఩ࡣ -0.93µm ࡜
࡞ࡗ࡚࠸ࡿࠋຍ᣺࿘Ἴᩘࢆ 1890Hz(ᅗ 3−14(b))࠿ࡽ 2390Hz㸦ᅗ 3−14㸦 l㸧㸧
ࡲ ࡛ ẁ 㝵 ⓗ ࡟ ୖ ࡆ ࡚ ࠸ ࡃ ࡇ ࡜ ࡟ ࡼ ࡾ ࠊ ᭱ ኱ ฝ ኚ ఩ ࡢ ఩ ⨨ ࡣ (r,  
θ)=(230µm, 119°)࠿ࡽ (r, θ)=(250µm, 142°)ࡢ఩⨨ࡲ࡛࿘Ἴᩘ࡟౫Ꮡࡋ
࡚⛣ືࡍࡿ࡜࡜ࡶ࡟ࠊኚ఩㔞ࡶ 1.12µm ࠿ࡽ 1.88µm ࡲ࡛ቑຍࡋ࡚࠸ࡿࠋ
୍᪉᭱኱พኚ఩ࢆ⏕ࡌࡿ఩⨨ࡣ (r, θ)=(230µm, 356° )ࡢ఩⨨࠿ࡽ (r,  





















ᅗ 3-13 FEM ゎᯒ࡟⏝࠸ࡓ࣓ࢵࢩࣗᵓ㐀  


















































(k) 2340 Hz                         ( l)  2390 Hz 
ᅗ 3-14 FEM ゎᯒ⤖ᯝ㸹ຍ᣺᫬ࡢ࣐࢖ࢡ࣑ࣟ࢟ࢧพฝศᕸ  














ᅗ 3-15 ᭱኱ኚ఩Ⅼࢆ⾲ࡍࡓࡵࡢᗙᶆ⣔  
Fig.3-15 Coordinate system to indicate max displace point 
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3.2.3 ㉁㔞ศᕸᆺ࣑࢟ࢧࡢస〇  
ゎᯒ⤖ᯝ࡟ᇶ࡙ࡁࠊࢯࣇࢺ࣐࢖ࢡ࣐ࣟࢩࣥࣉࣟࢭࢫࢆ⏝࠸࡚ᯈཌศ
ᕸࢆ᭷ࡋ㸪PDMS ࢆᮦᩱ࡜ࡍࡿ࣐࢖ࢡ࣑ࣟ࢟ࢧࢆస〇ࡋࡓࠋ  
స〇ࡋࡓ PDMS 〇࣐࢖ࢡ࣑ࣟ࢟ࢧࢆᅗ 3-16 ࡟♧ࡍࠋᅗ 3-16(a)ࡣࠊ
࣐࢖ࢡ࣑ࣟ࢟ࢧࡢ඲యᅗ࡛࠶ࡾࠊⓑ⥺࡛♧ࡍ T Ꮠᆺࡢ࣐࢖ࢡࣟὶ㊰࡜
࣐࢖ࢡࣟὶ㊰࡟⁐ᾮࢆὶධࡉࡏࡿࡓࡵࡢධཱྀࢆ᭷ࡋ࡚࠾ࡾࠊT Ꮠᆺὶ







ࢪࢫࢺ SU8-3050 ࢆࢩࣜࢥ࢙ࣥ࢘ࣁୖ࡟ 50µm ࡢཌࡉ࡟ࢫࣆࣥࢥ࣮ࢺࡋࠊ
⣸እ⥺㟢ග࡟ࡼࡾ◳໬ࡉࡏࠊὶ㊰ࣃࢱ࣮ࣥࡢ㗪ᆺࢆస〇ࡋࡓࠋḟ࡟ࠊ
㉁㔞ศᕸᵓ㐀ࢆ᭷ࡍࡿὶ㊰ୖቨഃࡢ㗪ᆺ࡜ࡍࡿࡓࡵࠊࢿ࢞ࢸ࢕ࣈࣇ࢛
ࢺࣞࢪࢫࢺ SU8- 3010 ࢆࢩࣜࢥ࢙ࣥ࢘࢘ࣁୖ࡟ 10µm ࡢཌࡉ࡟ࢫࣆࣥ
ࢥ࣮ࢺࡋ᭱ࠊ ⤊ⓗ࡟స〇ࡍࡿ㉁㔞ศᕸ㒊ࡢཌࡳࡀ 10µm ࠿ࡽ 10µm ࣆࢵ
ࢳ࡛ 80µm ࡲ࡛ 8 ẁ㝵࡟ࣜࣥࢢᙧ≧㸦እᚄ㸸800µm㸪ෆᚄ㸸500µm㸧࡟




3-17(b)ࡢࡼ࠺࡟స〇ࡋࡓ 8 ẁ㝵ࡢཌࡳࢆ᭷ࡍࡿ㗪ᆺࢆᅗ 3-17(c)࡟♧ࡍ
ࡼ࠺࡟࢞ࣛࢫࢫ࣮࣌ࢧࢆ௓ࡋ࡚ྥ࠿࠸ྜࢃࡏࠊᾮ≧ࡢ PDMS ࢆὶࡋ㎸








































ᅗ3-16 స〇ࡋࡓ࣐࢖ࢡ࣑ࣟ࢟ࢧ  
Fig.3-16 The fabricated micromixer and experimental setup 
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(a) Mold for lower wall of the micromixer








(d) Remove the lower wall mold
(e) Bonding
Glass plate































ᅗ3-17 ㉁㔞ศᕸ࣐࢖ࢡ࣑ࣟ࢟ࢧࡢస〇ᡭ㡰  







  (a)   (b)    (c)    (d)     (e)      (f)        (g)       (h) 
 
ᅗ3-18 ࣐࢖ࢡ࣑ࣟ࢟ࢧୖቨ㒊ࡢ㗪ᆺస〇࡟⏝࠸ࡓࣇ࢛ࢺ࣐ࢫࢡ  










⏝࠸࡚ィ ࡋࡓ⤖ᯝࢆᅗ 3−19(a)-(c)࡟♧ࡍࠋ  
ྛᅗ୰ࡢᶳⰍࡢ㡿ᇦ࡜⃰㟷Ⰽࡢ㡿ᇦࡣࠊᅗ 3-15 ࡟♧ࡍࡼ࠺࡟෇ᯈࡢ
୰ᚰ࡛┤஺ࡍࡿ㍈࠿ࡽࡢᅇ㌿ゅ θ ࡜୰ᚰ࠿ࡽࡢ㊥㞳 r ࢆྲྀࡾࠊฝഃࡢ
᭱኱ኚ఩఩⨨࡜พഃࡢ᭱኱ኚ఩఩⨨ࢆ♧ࡋ࡚࠸ࡿࠋຍ᣺࿘Ἴᩘࡀ
1250Hz ࡢሙྜ࡟ࡣࠊᅗ 3-19(a)࡟♧ࡍᵝ࡟  (r, θ)=(320µm, 335°)ࡢ఩⨨
࡟࠾࠸࡚᭱኱ฝኚ఩ࡣ 0.18µm ࡜࡞ࡾࠊ  (r, θ)=(320µm, 88°)ࡢ఩⨨࡟
࠾࠸࡚᭱኱พኚ఩ࡣ -3.35µm ࡜࡞ࡗ࡚࠸ࡿࠋຍ᣺࿘Ἴᩘࢆ 1500Hz㸦ᅗ
3−19㸦b㸧㸧 , 1875Hz㸦ᅗ 3−19㸦 c㸧㸧࡜ୖࡆ࡚࠸ࡃࡇ࡜࡟ࡼࡾࠊ᭱኱ฝ
ኚ఩ࡢ఩⨨ࡣ (r, θ)=(320µm, 220°)࠿ࡽ (r, θ)=(320µm, 110°)ࡢ఩⨨ࡲ
࡛࿘Ἴᩘ࡟౫Ꮡࡋ࡚⛣ືࡍࡿ࡜࡜ࡶ࡟ࠊኚ఩㔞ࡶ 0.24µm ࠿ࡽ 0.31µm
ࡲ࡛ቑຍࡋ࡚࠸ࡿࠋ୍᪉᭱኱พኚ఩ࢆ⏕ࡌࡿ఩⨨ࡣ (r,  θ)=(370µm, 
325° )ࡢ఩⨨࠿ࡽ (r , θ)=(400µm, 65° )ࡢ఩⨨ࡲ࡛⛣ືࡋࠊኚ఩㔞ࡣ


























(a) 1250 Hz        (b) 1500 Hz          (c) 1875Hz 
 
ᅗ 3-19 ࢻࢵࣉ࣮ࣛ᣺ືィ࡟ࡼࡿຍ᣺᣺ືᩘูࡢ᣺ᖜศᕸ ᐃ⤖ᯝ  











ᐇ㦂⣔ࡢᴫ␎ᅗࢆᅗ 3-20 ࡟♧ࡍࠋ࣐࢖ࢡ࣑ࣟ࢟ࢧࡢ T Ꮠᙧ≧ࡢ࣐࢖
ࢡࣟὶ㊰ࡢ୍➃࠿ࡽ⵨␃Ỉࢆࠊ௚➃࠿ࡽ⺯ග⢏Ꮚ⁐ᾮ (࢘ࣛࢽࣥ )ࢆࡑ
ࢀࡒࢀࢩࣜࣥࢪ࣏ࣥࣉ࡟ࡼࡗ࡚ὶ㏿ 1µL/min ࡛ࡑࢀࡒࢀ㏦ᾮࡋࠊT Ꮠ
ὶ㊰ࡢྜὶⅬ࠿ࡽ 500µm ୗὶ࡟࠶ࡿ㉁㔞ศᕸᵓ㐀ࢆ᭷ࡍࡿΰྜࢳࣕࣥ
ࣂࡢୖቨ㒊୰ᚰ࡟ᅽ㟁࢝ࣥࢳࣞࣂ࣮ࡀ᥋ゐࡍࡿࡼ࠺࡟ᅛᐃࡋࠊᅽ㟁࢝






3-21(a)ࡣຍ᣺┤๓ࡢ⏬ീ࡛࠶ࡾࠊᅗ 3-21(b)-(j)ࡣຍ᣺㛤ጞᚋ 0.1-0.9 ⛊
ࡲ࡛ࡢ 0.1 ⛊ẖࡢ⏬ീ࡛࠶ࡾࠊࡇࢀࡣࠊ1350-1750Hz ࡢ⠊ᅖ࡛ 50Hz ẖ
࡟␗࡞ࡿ࿘Ἴᩘ࡛ຍ᣺ࡋࡓሙྜࡢ⤖ᯝ࡟ᑐᛂࡍࡿࠋ  
ຍ᣺┤๓ࡢᅗ 3-21(a)࠾ࡼࡧຍ᣺㛤ጞ 0.1 ⛊ᚋ࡛࿘Ἴᩘ 1350Hz ࡢᅗ
3-21(b)࡛ࡣࠊ ࡀ⏕ᡂࡋ࡚࠸࡞࠸ࡀࠊຍ᣺㛤ጞ 0.2 ⛊ᚋ࡛࿘Ἴᩘ 1400Hz
ࡢᅗ 3-21(c)࠿ࡽΰྜࢳࣕࣥࣂ୰ᚰࢆ୰ᚰ࡜ࡍࡿྑᅇࡾࡢ ࡀ⏕ᡂࡋጞ
ࡵࠊຍ᣺㛤ጞ 0.3 ⛊ᚋ࡛࿘Ἴᩘ 1450Hz ࡢᅗ 3-21(d)࠿ࡽຍ᣺㛤ጞ 0.4 ⛊
ᚋ࡛࿘Ἴᩘ 1500Hz ࡢᅗ 3-21(e)ࡲ࡛ྑᅇࡾࡢ ࡀຍ㏿ࠊ⥆࠸࡚ࠊຍ᣺
㛤ጞ 0.5 ⛊ᚋ࡛࿘Ἴᩘ 1550Hz ࡢᅗ 3-21(f)࠿ࡽຍ᣺㛤ጞ 0.6 ⛊ᚋ࡛࿘Ἴ
ᩘ 1600Hz ࡢᅗ 3-21(g)ࡲ࡛ ࡀῶ㏿ࠊ᭦࡟ࠊຍ᣺㛤ጞ 0.7 ⛊ᚋ࡛࿘Ἴ
ᩘ 1650Hz ࡢᅗ 3-21(h)࡛ ࡀ෌ࡧຍ㏿ࡋࠊຍ᣺㛤ጞ 0.8 ⛊ᚋ࡛࿘Ἴᩘ
1700Hz ࡢᅗ 3-21(i)࡛ ࡀ෌ࡧῶ㏿ࡋࠊ᭱ᚋ࡟ࠊຍ᣺㛤ጞ 0.9 ⛊ᚋ࡛࿘
Ἴᩘ 1750Hz ࡢᅗ 3-21(j)࡛ ࡀ⏕ᡂࡋ࡞ࡃ࡞ࡗ࡚࠸ࡿࠋࡇࡢࡼ࠺࡟ࠊ




















⾲ࡉࢀࡿ࣑࢟ࢩࣥࢢ࢖ࣥࢹࢵࢡࢫ [16]್ࢆ⏝࠸ࡓࠋ  
 
           
                                          (9) 
 
ᘧ୰ࠊx ࡣὶ㊰࡜ᆶ┤࡟ྲྀࡗࡓᗙᶆ , C(x)ࡣⅬ x ࡟࠾ࡅࡿ⺯ග㍤ᗘ , <C>
ࡣ C(x)ࡢᖹᆒ್ , N ࡣ⺯ග㍤ᗘࡢ ᐃⅬᩘ , y ࡣὶ㊰࡜ᖹ⾜࡟ྲྀࡗࡓᗙ
ᶆ , I(y)㸹 y Ⅼ࡟࠾ࡅࡿ࣑࢟ࢩࣥࢢ࢖ࣥࢹࢵࢡࢫࢆࡑࢀࡒࢀ⾲ࡍࠋ᏶඲
࡟ᆒ୍࡞ΰྜࡢ࡜ࡁࠊ I(y)ࡣ 1 ࡜࡞ࡾࠊ I(y)1 ࠿ࡽ 0 ࡟㏆࡙ࡃ࡯࡝ࠊ 
ᐃⅬࡈ࡜ࡢ⺯ග㍤ᗘ࡟ࣂࣛࢶ࢟ࡀ኱ࡁࡃࠊΰྜࡀࡼࡾ୙༑ศ࡛࠶ࡿࡇ
࡜ࢆ♧ࡍࠋᅗ 3-22 ࡟♧ࡍ⺯ග㢧ᚤ㙾⏬ീ࠿ࡽ I(y)ࢆ ᐃࡋࡓ࡜ࡇࢁࠊ
ࡑࢀࡒࢀຍ᣺࡞ࡋ 0.31, 㸪ᅛᐃ࿘Ἴᩘຍ᣺ 0.49, 㸪࿘Ἴᩘᤲᘬຍ᣺ 0.92
࡜ᅛᐃ࿘Ἴᩘຍ᣺ࡣຍ᣺࡞ࡋࡼࡾࡶ 0.18 ኱ࡁ࠸್ࢆ♧ࡋࠊ࿘Ἴᩘᤲᘬ




















0.8857, N ࡟ 15, C(x)࡟ 0.8905, 0.8809, 0.8863, 0.8881, 0.8863, 
0.8867, 0.8839, 0.8790, 0.8861, 0.8869, 0.8867, 0.8863, 0.8861, 



















































ᅗ3-20 ΰྜᛶ⬟ホ౯ᐇ㦂ࡢᴫ␎ᅗ  















































(i) 1750Hz                     (j) 1800Hz 
 
 
ᅗ 3-21 ࿘Ἴᩘࢫ࢟ࣕࣥຍ᣺᫬ࡢΰྜࢳࣕࣥࣂෆࡢὶࢀ  












(a) Diffusion only  (b) Fixed frequency  (c) Frequency sweep 
 
ᅗ 3-22 ࿘Ἴᩘࢫ࢟ࣕࣥ࡟ࡼࡿΰྜಁ㐍ࡢຠᯝ  
Fig.3-22 Mixing Efficiency of fluorescent solution and water flown at 
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➨ 4 ❶ ࢱࣥࣃࢡ㉁྾╔ᢚไ⾲㠃ฎ⌮  
 
4.1 ⥴ゝ  




















㠃ฎ⌮๣࡜ࡋ࡚ࠊ2-methacryloyloxyethylphosphorylcholine (௨ୗ MPC) 




















PDMS ᇶᯈࡢ⾲㠃ฎ⌮ࢆሗ࿌ࡋ࡚࠸ࡿࠋࡲࡓࠊYu ࡽ [13]ࡣࠊPDMS ᇶᯈ
࡟ᾐ㏱ࡍࡿࢡ࣒ࣟࣟ࣍ࣝࢆ⁐፹࡜ࡋࡓ࣏࢚ࣜࢳࣞࣥࢢࣜࢥ࣮ࣝ㸭ࢡࣟ












































ᅗ 4-1 MPC ࣏࣐࣮ࣜࡢศᏊᵓ㐀  





















4.2 ࢱࣥࣃࢡ㉁྾╔ᢚไࡢཎ⌮  








࢚ࢳࣞࣥ࢜࢟ࢧ࢖ࢻᇶ㸦௨ୗ EO ᇶ  ; Ethylene Oxide㸧࡜␯Ỉᇶ࡛࠶ࡿ
ࣉࣟࣆࣞࣥ࢜࢟ࢧ࢖ࢻᇶ㸦௨ୗ PO ᇶ ;  Propylene Oxide㸧ࡀࠊm ಶࡢ EO
ᇶࠊn ಶࡢ PO ᇶࠊm ಶࡢ EO ᇶ࡜஺஫࡟┤ิ࡟୪ࢇࡔᵓ㐀࡛࠶ࡿࠋEO


















ᅗ 4-2 ࣉࣝࣟࢽࢵࢡศᏊᵓ㐀  





4.2.2 ࣉࣝࣟࢽࢵࢡࡢࢱࣥࣃࢡ㉁྾╔ᢚไཎ⌮  
 Ỉ⁐ᾮ୰ࡢࢱࣥࣃࢡ㉁ࡢᶞ⬡⾲㠃࡬ࡢ྾╔ࡣࠊᅗ 4-3 ࡟ᶍᘧⓗ࡟♧
ࡍࡼ࠺࡟ࠊ௨ୗࡢ஧ẁ㝵ࡢ⌧㇟࡟ࡼࡿࡶࡢ࡜⪃࠼ࡽࢀ࡚࠸ࡿ [1]ࠋ  
 
➨ 1 ẁ㝵  
ࢱࣥࣃࢡ㉁ࡀᶞ⬡⾲㠃࡬᥋㏆ࡍࡿẁ㝵  
 












࠼ࡽࢀࡿࠋ᭦࡟୍ࠊ ᐃ௨ୖࡢ㙐㛗ࢆ᭷ࡍࡿ EO ᇶࡀ⾲㠃࡟Ꮡᅾࡍࡿ࡜ࠊ
EO ᇶࡀ❧య㞀ᐖ࡜࡞ࡾࠊࢱࣥࣃࢡ㉁ࡢᶞ⬡⾲㠃࡬ࡢ᥋㏆ࢆ㜼ᐖࡍࡿ࡜
































ᅗ 4-3 ࢱࣥࣃࢡ㉁ศᏊࡢ␯Ỉᛶࣉࣛࢫࢳࢵࢡ⾲㠃࡬ࡢ྾╔  


















ᅗ 4-4 ࣉࣝࣟࢽࢵࢡ⾲㠃ฎ⌮ࡢᴫᛕᅗ  
Fig.4-4 Schematic depiction of Surface modification 
 99 
4.3 ⾲㠃ฎ⌮᪉ἲ  
4.3.1 ᶞ⬡ᇶᯈ࠾ࡼࡧ⾲㠃ฎ⌮๣  








PO ᇶẚ⋡ࡀ 20%⛬ᗘࡢࣉࣝࣟࢽࢵࢡࢆ⏝࠸ྠࠊ ᵝ࡟▷᫬㛫ࡢ⾲㠃ฎ⌮
ࢆ⾜ࡗࡓࠋ  
⾲ 4-1 ࡟ᮏ◊✲࡛⏝࠸ࡓࣉࣝࣟࢽࢵࢡࡢᆺ␒ࡈ࡜ࡢ EO ᇶ ,PO ᇶᩘ , 
PO ᇶࡢศᏊ㔞ẚ⋡ࠊ࠾ࡼࡧᖹᆒศᏊ㔞ࢆ♧ࡍࠋేࡏ࡚ࠊᅗ 4-5 ࡟ࡑࢀ
ࡒࢀࡢᆺ␒ࡢ PO ᇶᩘ࠾ࡼࡧ PO ᇶศᏊ㔞ẚ⋡ࢆ♧ࡍࠋࡑࢀࡒࢀࡢᆺ␒
ࡢศᏊᵓ㐀ࡢヲ⣽ࡣ௨ୗࡢ㏻ࡾ࡛࠶ࡿࠋ  
ᆺ␒ F68, F88 ࠾ࡼࡧ F108 ࡣࠊ␰Ỉᇶ࡛࠶ࡿ PO ᇶࡢศᏊ㔞ẚ⋡ࡀ
20%⛬ᗘ࡜ప࠸ᚑ᮶ࡢ◊✲࡛⏝࠸ࡽࢀ࡚࠸ࡓࡶࡢ࡛࠶ࡿࠋࡇࢀࡽࡢ PO
ᇶᩘࡣࠊࡑࢀࡒࢀ 30, 38, 56 ಶ࡛࠶ࡿࠋ୍᪉ࠊᆺ␒ L64, L101, L121 ࠾
ࡼࡧ P103 ࡣࠊPO ᇶศᏊ㔞ẚ⋡ࡀࡑࢀࡒࢀ 60, 86, 90, 66%࡜㧗ࡃࠊPO
ᇶᩘࡀࠊࡑࢀࡒࢀ 30, 56, 70, 56 ಶ࡜ᆺ␒ F68, F88, F108 ࡜ྠᩘࡲࡓࡣ
ከ࠸ࡶࡢ࡛࠶ࡿࠋ  
௨ୗࡢᩥ❶࡛ࡣࠊPO ᇶẚ⋡࡜ PO ᇶᩘࢆ᫂☜࡟ࡍࡿࡓࡵࠊ౛࠼ࡤࠊ


















































Number of PO groups
Ratio of PO groups
 
⾲ 4-1 ࣉࣝࣟࢽࢵࢡᆺ␒ู࢚ࢳࣞࣥ࢜࢟ࢧ࢖ࢻᇶ ,ࣉࣟࣆࣞࣥ࢜࢟ࢧ  
࢖ࢻᇶᩘ , ᖹᆒศᏊ㔞࠾ࡼࡧᮏㄽᩥ࡛ࡢ⾲グ  
Table.4-1 Number of Ethylene Oxide groups, Propylene Oxide groups,  
mean molecular weight and signage in this paper 
Product №
Number of EO, PO
groups






F68 76 / 30 / 76 21 8400 PO(21, 30)
F88 103 / 39 / 103 20 11000 PO(20, 39)
F108 129 / 56 / 129 22 14500 PO(22, 56)
L64 13 / 30 / 13 60 2900 PO(60, 30)
L101 6 / 56 / 6 86 3800 PO(86, 56)
L121 5 / 70 / 5 90 4500 PO(90, 70)



















ᅗ 4-5 ࣉࣝࣟࢽࢵࢡᆺ␒ࡈ࡜ࡢ PO ᩘ࠾ࡼࡧ඲ศᏊ㔞࡟༨ࡵࡿ PO ẚ  
Fig.4-5 Number and ratio of PO residues 
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⾲㠃ฎ⌮ᡭ㡰ࢆᅗ 4-7 ࡟♧ࡍࠋᡭ㡰ࡢヲ⣽ࡣ௨ୗࡢ㏻ࡾ࡛࠶ࡿࠋ  
ࡣࡌࡵ࡟ࠊᅗ 4-7(a)࡟♧ࡍࡼ࠺࡟ࠊ⾲㠃ฎ⌮๓ࡢᇶᯈࢆ኱㔞ࡢ⵨␃
Ỉ࡛Ὑίࡋࠊᐊ ⎔ቃୗ࡛ 8 ᫬㛫௨ୖ஝⇱ࡋࡓࠋࡑࡢᚋࠊᅗ 4-7(b)࡟
♧ࡍࡼ࠺࡟ࠊ࣏ࣜࢫࢳࣞࣥὶ㊰ᡂᙧရ࡟ཌࡉ 100µm ࡢ࣏࢚ࣜࢳࣞࣥࢸ
ࣞࣇࢱ࣮ࣞࢺ〇ࢩ࣮ࢺ࡟⢓╔ᒙ࡜࡞ࡿཌࡉ 50µm ࡢ PDMS ᒙࡀ✚ᒙࡉ
ࢀࡓ⮬ᕫ⢓╔࢝ࣂ࣮ࢩ࣮ࢺࢆ㈞ࡾ௜ࡅࠊ࣐࢖ࢡࣟὶ㊰࡟⵹ࢆࡋࡓࠋḟ
࡟ࠊࣉࣝࣟࢽࢵࢡࢆࣜࣥ㓟⦆⾪⏕⌮㣗ሷỈ㸦pH 7.4㸪௨ୗ PBS; Phosphate 



















ᅗ 4-6 ࣐࢖ࢡࣟࢹ࢕ࢫ࣌ࣥࢧᡂᙧရ  
Fig.4-6 Photographs of the molded microdispenser 
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Dry for 8 hours or more




(b) Attaching self-sticking sheet
Syringe pump







































ᅗ 4-7 ⾲㠃ฎ⌮ᡭ㡰  
Fig.4-7 Procedure of surface treatment 
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4.4 ࢱࣥࣃࢡ྾╔ᢚไࡢホ౯  
 ⾲㠃ฎ⌮࡟⏝࠸ࡿฎ⌮ᮦᩱࡢศᏊᵓ㐀ࡀὶ㊰ᮦᩱ⾲㠃࡟࠾ࡅࡿࠊࢱ





௨ୗ࡟ࠊ3 ࡘࡢᐇ㦂᪉ἲࢆ♧ࡍࠋ  
 











ࡣࠊ4.3.2 ⾲㠃ฎ⌮ᡭ㡰࡜ྠᵝ࡟ 10 ศ㛫࡛࠶ࡾࠊᾐₕᚋࡢὙί᪉ἲࡶ













Dip for 10 minutes in surface treatment solution
Polystyrene chip
Surface treatment solution





















ᅗ 4-8 ᥋ゐゅ ᐃࡢࡓࡵࡢ⾲㠃ฎ⌮ᡭ㡰  

























ᅗ 4-9 㟼ⓗ᥋ゐゅࡢ ᐃ⿦⨨  
















ࡑ ࡢ ᚋ ࠊ ⾑ ᾮ ࡜ ᥋ ゐ ࡉ ࡏ ࡓ ࣐ ࢖ ࢡ ࣟ ὶ ㊰ ࡢ ⾲ 㠃 ࢆ 㟁 Ꮚ 㢧 ᚤ 㙾









































ᅗ 4-10 ⾑ᾮ྾╔ホ౯ࡢᐇ㦂ᡭ㡰  
Fig.4-10 Experimental procedure of blood adsorption 
 
Whole Blood




(c) Wash off clotted blood in the channel by distilled water 
Distilled water
Observe channels by electronic microscope
Polystyrene chip after surface treatment
(b) Still standing 15 hours 
Self-sticking sheet to prevent drying
Dry for 8 hours or more under room temperature
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ᅗ 4-11 ⺯ගᶆ㆑ IgG ྾╔ホ౯ࡢᐇ㦂ᡭ㡰  
Fig.4-11 Experimental procedure of fluorescent labeled IgG adsorption 
 
Fluorescent  labeled IgG solution




(b) Wash off the IgG by distilled water 
Distilled water
(c) Observe channels by  fluorescence microscope 
Syringe pump
Surface treated polystyrene chip
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4.5 ᐇ㦂⤖ᯝ࠾ࡼࡧ⪃ᐹ  








ᅗ 4-12(b)࡟♧ࡍࡼ࠺࡟ࠊ⾲㠃ฎ⌮ᚋࡢ᥋ゐゅࡢῶᑡᖜࡣࠊPO(21, 30), 
PO(20, 39)࠾ࡼࡧ PO(60, 30)࡛ࡣࠊ⃰ᗘࡀ㧗ࡃ࡞ࡗ࡚ࡶ᥋ゐゅࡢῶᑡ
ࡀኚ໬ࡏࡎࠊࡑࡢ௚࡛ࡣࠊ⃰ᗘࡀ㧗࠸࡯࡝ῶᑡᖜࡀቑ኱ࡋࡓࠋ⾲㠃ฎ
⌮ᾮ⃰ᗘ࡜ῶᑡᖜࡢ⠊ᅖࡣࠊ0.01, 0.1, 1.0%࡟࠾࠸࡚ࡑࢀࡒࢀࠊ1.5-3.7, 
1.1-6.3, 1.0-8.9°࡛࠶ࡗࡓࠋ  
ࣉࣝࣟࢽࢵࢡࡢศᏊᵓ㐀࡟ࡼࡿῶᑡᖜࡢ┦㐪ࢆぢࡿ࡜ࠊPO(20, 39), 
PO(21, 30), PO(60, 30)࠾ࡼࡧ 0.1%௨ୗࡢ PO(22, 56)࡛ࡣࠊ1.0-2.8°࡜ῶ
ᑡᖜࡀẚ㍑ⓗᑠࡉࡃࠊPO(66, 56), PO(86, 56), PO(90, 70)࠾ࡼࡧ 1.0%ࡢ
PO(22,56)࡛ࡣࠊ3.2-8.9°࡜ẚ㍑ⓗ኱ࡁ࠿ࡗࡓࠋ᭦࡟ࣉࣝࣟࢽࢵࢡࡢศ
Ꮚᵓ㐀ࡈ࡜ࡢῶᑡᖜࢆ⾲㠃ฎ⌮ᾮ⃰ᗘ 0.1%࡟╔┠ࡋ࡚ẚ㍑ࡍࡿ࡜ࠊᅗ
4-12(c)࡟♧ࡍࡼ࠺࡟ PO(20, 39), PO(21, 30), PO(22, 56)࠾ࡼࡧ PO(60, 




⋡ࡀ 86, 90, 66%࡜㧗࠸࡜᥋ゐゅࡢῶᑡᖜࡀ኱ࡁࡃࠊPO ᇶẚ⋡ࡀ㧗࠸
࡜᥋ゐゅࡢῶᑡᖜࡀ኱ࡁ࠸ഴྥ࡟࠶ࡿࠋࡋ࠿ࡋࠊPO ᇶẚ⋡ࡀ 60%࡜ẚ
㍑ⓗ㧗࠸ PO(60, 30)࡟࠾࠸࡚ࡣࠊ᥋ゐゅࡢῶᑡᖜࡣᑠࡉࡃࠊPO ᇶẚ⋡
ࡀ㧗࠸ࡔࡅ࡛ࡣᚲࡎࡋࡶ᥋ゐゅࡢῶᑡᖜࡀ኱ࡁࡃ࡞ࡽ࡞࠸ࡇ࡜ࢆ♧ࡋ
࡚࠸ࡿࠋ  
୍᪉ࠊPO ᇶࡢᩘ࡟╔┠ࡍࡿ࡜ࠊPO(60, 30)ࡢ PO ᇶᩘࡣ 30 ಶ࡛࠶ࡾࠊ































ࡋ࠿ࡋࠊPO(20, 39)࠾ࡼࡧ PO(22, 56)ࡢ PO ᇶᩘ࡟ࡶ╔┠ࡍࡿ࡜ࠊࡑࢀ
ࡒࢀࠊ39, 56 ಶ࡜ PO(60, 30)ࡼࡾࡶከࡃࠊPO ᇶᩘࡀከ࠸ࡔࡅ࡛ࡣᚲࡎ
ࡋࡶ᥋ゐゅࡢῶᑡᖜࡀ኱ࡁࡃ࡞ࡽ࡞࠸ࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ  
⾲㠃ฎ⌮ᚋࡢ᥋ゐゅࡣࠊPO ᇶẚ⋡ࡀ㧗ࡃ࠿ࡘ PO ᇶࡢᩘࡀከ࠸ศᏊ
ᵓ㐀ࢆ᭷ࡍࡿࣉࣝ࡜ࢽࢵࢡ࡛ῶᑡᖜࡀ኱ࡁ࠸࡜ゝ࠼ࡿࠋ  
ḟ࠸࡛ࠊ⾲㠃ฎ⌮๣ࡢ⃰ᗘ࡟ࡘ࠸࡚⪃࠼ࡿ࡜ࠊᅗ 4-12(b)࡟♧ࡍࡼ࠺
࡟ PO ᇶࡢᩘࡀ 39 ಶ௨ୗࡢ PO(21, 30), PO(20, 39), PO(60, 30)࡛ࡣ⃰ᗘ
ࡀ㧗ࡃ࡞ࡗ࡚ࡶ᥋ゐゅࡢῶᑡᖜࡀኚ໬ࡋ࡞࠸ࡢ࡟ᑐࡋࠊPO ᇶࡢᩘࡀ




















































































ᅗ 4-12 ⾲㠃ฎ⌮⁐ᾮ⃰ᗘ࡜᥋ゐゅ  
Fig.4-12 Measurements results of Contact Angles 















Ratio of PO [%] Number of PO
 
 111 
4.5.2 ᣦඛ⾑ࢆ⏝࠸ࡓ⾑ᾮ྾╔ホ౯  
ᅗ 4-13 ࡟ᣦඛ⾑ࢆ⏝࠸ࡓ྾╔ホ౯ᐇ㦂࡛᧜ᙳࡋࡓ࣐࢖ࢡࣟὶ㊰ࡢ㟁
Ꮚ㢧ᚤ㙾෗┿ࢆ♧ࡍࠋ  




ᅗ 4-13(b)-(e)ࡣࠊࡑࢀࡒࢀࠊ0.1%ࡢ PO(20, 39), PO(21, 30), PO(22, 56)
࠾ࡼࡧ PO(60, 30)࡛⾲㠃ฎ⌮ࡋࡓ࣐࢖ࢡࣟὶ㊰ࡢ T Ꮠᙧ≧ࡢ㒊ศ࡛࠶
ࡾࠊ⾲㠃ฎ⌮↓ࡋࡢሙྜ࡜ྠᵝ࡟⧄⥔≧ࡢ྾╔≀ࡀほࡽࢀࡓࠋࡑࡋ࡚ࠊ
PO(20, 39)࠾ࡼࡧ PO(21, 30)࡛ࡣࠊ⾲㠃ฎ⌮ᾮ⃰ᗘ 1%࡟࠾࠸࡚ࡶྠᵝ
࡟⾑ᾮ྾╔ࡀほࡽࢀࡓࠋࡋ࠿ࡋࠊPO(22, 56)࡛ࡣࠊ⾲㠃ฎ⌮ᾮ⃰ᗘ 1%
࡟࠾࠸࡚ࡣࠊ྾╔≀ࡣほᐹࡉࢀ࡞࠿ࡗࡓࠋ  
୍᪉ࠊᅗ 4-13(f)-(h)ࡣࠊࡑࢀࡒࢀࠊ0.1%ࡢ PO(66, 56), PO(86, 56)࠾ࡼ


















































































































































(h) Coated with PO(90, 70) 
 
ᅗ 4-13 ࣏ࣜࢫࢳ࣐ࣞࣥ࢖ࢡࣟὶ㊰ୖࡢࣇ࢕ࣈࣜࣥ྾╔  
Fig.4-13 SEM micrographs of fibrin adhesion on the channel of PS chip 
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ᗘࡢ┦ᑐẚࢆ⾲ 4-2 ࡟♧ࡍࠋ  
 
 
⾲ 4-2 ⾲㠃ฎ⌮๣ูࡢ↓ฎ⌮࡟ᑐࡍࡿ⺯ගᙉᗘ┦ᑐẚ  
Table.4-2 Relative ratio of fluorescence intensity to no coat 













⾲ 4-2 ࠾ࡼࡧᅗ 4-14(b)࡟♧ࡍࡼ࠺࡟ࠊ⾑ᾮ྾╔ホ౯ᐇ㦂ࡢ⤖ᯝ࡜ྠ









⾑ᾮ྾╔ࢆᢚไྍ⬟࡛࠶ࡗࡓ PO(66, 56), PO(86, 56)࠾ࡼࡧ PO(90, 
70)ࡣࠊPO ᇶẚ⋡ࡀ 66%௨ୖ࡛࠶ࡾࠊ࠿ࡘ PO ᇶᩘࡀ 56 ௨ୖ࡛࠶ࡿࠋ
୍᪉ࠊࢱࣥࣃࢡ㉁྾╔ࡢᢚไࡀ୙༑ศ࡛࠶ࡗࡓ PO(22, 56)ࡣࠊPO ᇶᩘ
ࡣ 56 ௨ୖ࡛࠶ࡗࡓࡀࠊPO ᇶẚ⋡ࡣ 22%࡜ప࠸್࡛࠶ࡗࡓࠋྠᵝ࡟
PO(60, 30)ࡣࠊPO ᇶẚ⋡ࡣ 60%࡜ẚ㍑ⓗ࡟㧗࠿ࡗࡓࡶࡢࡢࠊPO ᇶᩘࡣ
30 ࡜ప࠸್࡛࠶ࡗࡓࠋࡇࢀࡽࡢࡇ࡜࠿ࡽࠊࢱࣥࣃࢡ㉁ࡢ྾╔ᢚไ࡟ᚲ
せ࡞ᩘࡢࣉࣝࣟࢽࢵࢡศᏊࡀ࣏ࣜࢫࢳࣞࣥ⾲㠃࡟ṧ␃ࡍࡿࡓࡵ࡟ࡣࠊ








ᡂ⋡࡟ PO ᇶẚ⋡ࡀ㛵ಀࡋࠊ␰Ỉ⤖ྜࡢ⤖ྜຊ࡟ PO ᇶᩘࡀ㛵ಀࡍࡿ࡜
⪃࠼ࡽࢀࡿࠋ  







ḟ࠸࡛ࠊPO(86, 56)ࡀࠊPO ᇶẚ⋡ࡀ㧗ࡃ PO ᇶᩘࡶከ࠸ PO(90, 70)
ࡼࡾࡶ᥋ゐゅࡢῶᑡᖜࡀ኱ࡁࡃࠊ⺯ගᶆ㆑ᢠయࢆ⏝࠸ࡓᐇ㦂࡟࠾࠸࡚
ࡶ⺯ගᙉᗘࡀᑠࡉ࠸ࡇ࡜࡟ࡘ࠸࡚⪃ᐹࡍࡿࠋPO(86, 56)ࡣࠊEO ᇶࡀ 6














































































































































































ᅗ 4-14 ⺯ගᶆ㆑ᢠయ྾╔ᚋࡢ⺯ගᙉᗘ  
Fig.4-14 Fluorescent intensity of Dylight-IgG 
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4.6 ⤖ゝ  
⾑ᾮ࠾ࡼࡧ⺯ගᶆ㆑ᢠయࢆ⏝࠸ࡓ࣏ࣜࢫࢳࣞࣥ⾲㠃࡬ࡢࢱࣥࣃࢡ㉁
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➨ 5 ❶ ࣐࢖ࢡࣟࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱ  
 
5.1 ⥴ゝ  
 ᮏ◊✲ࡢ┠ⓗ࡛࠶ࡿ⾑⌫ィᩘ᳨ᰝࢆ POCT㸦Point of care testing㸧࡟









1940 ᖺ௦ᚋ༙࡟ W.H.Coulter ࡟ࡼࡗ࡚⪃࠼ฟࡉࢀࡓᚤ⢏Ꮚィ ἲ
[1][2]ࡣࠊࢥ࣮ࣝࢱ࣮ἲ࡜࿧ࡤࢀࠊ60 ᖺ௨ୖ⤒ࡗࡓ⌧ᅾࡶୡ⏺୰ࡢ⢭ᐦ
⢏ᗘศᕸ ᐃ⿦⨨࡟⏝࠸ࡽࢀ࡚࠸ࡿ [3]ࠋࢥ࣮ࣝࢱ࣮ἲࡢ ᐃ⣔ࡣࠊᅗ


























































































































ᅗ 5-1 ࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱࡢᚤ⢏Ꮚィ ཎ⌮  

















ᅗ 5-2 ࢥ࣮ࣝࢱ࣮ཎ⌮ࡢᶍᘧᅗ  




































































(b) Time course of cell counting number 
 
ᅗ 5-3 ィᩘᾮ㔞୍ᐃ໬ᡭἲࡢ౛  
Fig.5-3 An example of fixing counting volume 
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࣐࢖ࢡࣟὶ㊰ࡢ୍㒊࡟ࡣࠊᕵ 50µm ῝ࡉ 50µm 㛗ࡉ 50µm ࡢ⊃✽㒊ࢆ᭷
ࡋࠊࡇࢀࡀࠊ࢔ࣃ࣮ࢳࣕ࡜ࡋ࡚ᶵ⬟ࡍࡿࠋࡲࡓࠊ࣐࢖ࢡࣟὶ㊰ࡢ࢔ࣃ








































ᅗ 5-4 ࣐࢖ࢡࣟࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱ  














ᅗ 5-5 ࣐࢖ࢡࣟὶ㊰ᡂᙧရ  



















ᅗ 5-6 ࣐࢖ࢡࣟࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱࡢ㏦ᾮ᪉ἲ  





5.2.2 㟁ᴟࢩ࣮ࢺ  
㟁ᴟࢩ࣮ࢺࡣࠊPET ࢩ࣮ࢺୖ࡟㖟࢖ࣥࢡཬࡧ PDMS ࢖ࣥࢡࢆ༳ๅࡍ
ࡿࡇ࡜࡟ࡼࡗ࡚స〇ࡋࡓࠋ  
ࡣࡌࡵ࡟ࠊ༳ๅᕤ⛬࡟ࡘ࠸࡚㏙࡭ࡿࠋᅗ 5-7 ࡟㟁ᴟࢩ࣮ࢺࡢ᩿㠃ᅗ
ࢆ♧ࡍࠋᅗ 5-7 ࡟♧ࡍࡼ࠺࡟ࠊ㟁ᴟࢩ࣮ࢺࡣࠊPET ࢩ࣮ࢺୖ࡟㖟࢖ࣥ
ࢡᒙཬࡧ PDMS ࢖ࣥࢡᒙࢆ✚ᒙࡋࡓ᩿㠃ᵓ㐀ࢆ᭷ࡍࡿࠋࡇࡢ᩿㠃ᵓ㐀
ࡣࠊඛ࡟㖟࢖ࣥࢡ࡛㟁ᴟཬࡧ࣮ࣜࢻ⥺ࢆ༳ๅ࣭஝⇱ࡉࡏࠊḟ࠸࡛ࡑࡢ


















Ꮫ㸧 /࢚ࢱࣀ࣮ࣝࡢ 0.01%࢚ࢱࣀ࣮ࣝ⁐ᾮࢆ㖟㟁ᴟ⾲㠃࡟ 0.1µL ࢆ⁲ୗ
ࡋࠊᐊ ⎔ቃୗ࡛ 8 ᫬㛫௨ୖ஝⇱ࡉࡏࡓࠋ  










ᅗ 5-7 㟁ᴟࢩ࣮ࢺࡢ᩿㠃ᅗ  










ᅗ 5-8 㟁ᴟࢩ࣮ࢺࡢぶỈ໬⾲㠃ฎ⌮  
Fig.5-8 Hydrophilic surface treatment of electrode sheet 
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5.3 ㄢ㢟ゎỴࡢᥦ᱌  
ᮏ◊✲ࡢ࣐࢖ࢡࣟࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱࡣࠊ  
①  ⾑⌫ࢆィᩘࡍࡿヨᩱᾮ㔞ࡢ୍ᐃ໬ᶵ⬟  































(a) Initial state 
(b) Detecting fluid pass on the 1st electrode pair








































ᅗ 5-9 ヨᩱᾮ୍ᐃ໬ࡢ᪉ἲ  
Fig.5-9 Schematic diagram of fixed volume counting 
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 ᅗ 5-10 ࡟⾲㠃ฎ⌮ࡢᡭ㡰ࢆ♧ࡍࠋࡣࡌࡵ࡟ࠊᅗ 5-10(a)࡟♧ࡍࡼ࠺࡟ࠊ
࣐࢖ࢡࣟὶ㊰ᡂᙧရࢆ⵨␃Ỉ࡛Ὑίᚋࠊᐊ ⎔ቃୗ࡛ 8 ᫬㛫௨ୖ஝⇱
ࡉࡏࡓࠋḟ࡟ࠊ➨ 4 ❶ࡢホ౯࡟࠾࠸࡚᭱ࡶࢱࣥࣃࢡ㉁྾╔ࡢᢚไ࡟ຠ
ᯝⓗ࡛࠶ࡗࡓࣉࣝࣟࢽࢵࢡ L101 ࢆࣜࣥ㓟⦆⾪⏕⌮㣗ሷỈ㸦pH 7.4㸧࡟
⁐ゎࡋࠊ1 wt% ⁐ᾮ࡜ࡋࡓࠋࡑࡋ࡚ࠊ➨ 2 ❶࠾ࡼࡧ➨ 4 ❶࡛౑⏝ࡋࡓ
















































ᅗ 5-10 ࢱࣥࣃࢡ㉁྾╔ᢚไ⾲㠃ฎ⌮ࡢᡭ㡰  
Fig.5-10 Procedure of surface treatment for inhibition of protein adsorption 
 
Dry for 8 hours or more




(b) Attaching self-sticking sheet
Syringe pump





(d) Remove the self-sticking sheet and dry





5.4 ᐇ㦂᪉ἲ  
స〇ࡋࡓ࣐࢖ࢡࣟࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱࡢṇ☜ᛶ , ⢭ᐦᛶࢆホ౯ࡍࡿ





1) ⾑⌫ࡢ࢔ࣃ࣮ࢳࣕ㏻㐣ほᐹ࡜㟁Ẽ᢬ᢠ ᐃ್ࡢྠᮇィ   
2) ㉥⾑⌫ィᩘィ   
ࢆ⾜ࡗࡓࠋ  
௨ୗ࡟ࠊ2 ࡘࡢᐇ㦂᪉ἲࢆ♧ࡍࠋ  
 




ᐇ㦂⣔ࡢᶍᘧᅗࢆᅗ 5-11 ࡟♧ࡍࠋᅗ 5-11 ࡟♧ࡍࡼ࠺࡟ࠊ࣐࢖ࢡࣟࢥ
࣮ࣝࢱ࣮࢝࢘ࣥࢱࢆ㢧ᚤ㙾㸦TE200-U, NIKON㸧ୗ࡟࠾ࡁࠊ㉥⾑⌫ศᩓ
⁐ᾮࢆ࣐࢖ࢡࣟࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱ࡟ὶࡋ࡞ࡀࡽࠊ㧗㏿ᗘ࣓࢝ࣛ





































ᅗ 5-11 ࢥ࣮ࣝࢱ࣮ཎ⌮᳨ドᐇ㦂ࡢ ᐃ⣔  
















Red blood cell suspension 
Micro Coulter counter
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ᅗ 5-12 ⾑⌫ィᩘࡢ ᐃ⣔  















5.5 ᐇ㦂⤖ᯝ࠾ࡼࡧ⪃ᐹ  























ᅗ 5-13 ㉥⾑⌫ࡢ࢔ࣃ࣮ࢳࣕ㏻㐣࡜㟁Ẽ᢬ᢠࣃࣝࢫࡢྠᮇ ᐃ⤖ᯝ  
Fig.5-13 Synchronous measurement of red blood cell’s passing and 























5.5.2 ㉥⾑⌫ィᩘ ヨᩱᾮ㔞୍ᐃ໬ᶵᵓࡢ᳨ド  
 ᅗ 5-14 ࡟㉥⾑⌫ィᩘ ᐃࡢ᢬ᢠ್ࣃࣝࢫࢆ♧ࡍࠋࢢࣛࣇࡢᶓ㍈ࡣ᫬
㛫࡛࠶ࡾࠊ⦪㍈ࡣ᢬ᢠ್࡛࠶ࡿࠋ  
 ィᩘ⤖ᯝࡢᖹᆒ್ , ࡑࢀࢆᕼ㔘ಸ⋡࠿ࡽ᥮⟬ࡋࡓ඲⾑୰ࡢ㉥⾑⌫ᩘ
࡜ 15 ᅇࡢ ᐃ࡟ᑐࡍࡿኚືಀᩘࢆ⾲ 5-1 ࡟♧ࡍࠋ  
 
⾲ 5-1 ㉥⾑⌫ィᩘࡢ ᐃ⤖ᯝ  
Table.5-1 Measurement results of red blood cell counting 







Coated device 10604               48.2 [*10
5
/µL]              1.7 [%]
No coat device 10428 47.4 2.2















ᅗ 5-14 ㉥⾑⌫ィᩘࣃࣝࢫ  
Fig.5-14 Signals obtained during the counting of red blood cells 
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➨ 6 ❶ ⾑⌫ィᩘ⏝㞟✚໬ࢹࣂ࢖ࢫ  
 
6.1 ⥴ゝ  
ᮏ❶࡛ࡣࠊᮏ◊✲ࡢ┠ⓗ࡛࠶ࡿ⾑⌫ィᩘ᳨ᰝ⏝ POCT㸦Point of care 





















ࣂ࢖ࢫࡢᐇ⏝໬ࡀồࡵࡽࢀࡿ [1] -[3]ࠋ  
⾑⌫ィᩘ᳨ᰝࡣࠊ㈋⾑㸪ឤᰁ⑕ࡢデ᩿ࡢ௚ࠊᚰ⑌ᝈࣜࢫࢡ࡟ᑐࡍࡿ













ࡣࠊࢹࣂ࢖ࢫእ࡛⾜࠺ᚲせࡀ࠶ࡿࠋࡇࡢ௚ࠊGawad ࡽ [11]ࡣࠊ࢞ࣛࢫ -
࣏ࣜ࢖࣑ࢻࢆᮦᩱ࡜ࡋࡓ࣐࢖ࢡࣟ⾑⌫ィᩘࢹࣂ࢖ࢫࢆࠊTrujillo ࡽ [12]
ࡣࠊPDMS㸦polydimethylsiloxane㸧࡜࢞ࣛࢫࢆᮦᩱ࡜ࡋࡓ࣐࢖ࢡࣟ⾑⌫
ィᩘࢹࣂ࢖ࢫࢆࠊZheng ࡽ [13]ࡣࠊࣃࣜࣞࣥ࡜ PDMS ࢆᮦᩱ࡜ࡋࡓ࣐࢖
ࢡࣟ⾑⌫ィᩘࢹࣂ࢖ࢫࢆᥦ᱌ࡋ࡚࠸ࡿࠋࡇࢀࡽࡣࠊࢩࣜࢥࣥࡢ࢚ࢵࢳ
ࣥࢢຍᕤࡼࡾࡶ〇㐀ࢥࢫࢺࡀప࠸ࡀࠊᕼ㔘➼ࡢ⾑ᾮࡢ๓ฎ⌮ࢆࢹࣂ࢖















యࡀ኱ᆺ໬ࡍࡿ࡜࠸࠺ၥ㢟ࡀ࠶ࡿࠋࡑࡇ࡛ࠊ1 ୓ಸ௨ୖ࡟ 1 ᗘ࡛ᕼ㔘































































ᅗ 6-1 ᅇ㌿ᘧࣂࣝࣈ࡜ࡑࢀࢆ⏝࠸ࡓⓑ⾑⌫ィᩘࢹࣂ࢖ࢫ  









6.2 ࢹࣂ࢖ࢫ࠾ࡼࡧ⿦⨨ࡢస〇  
6.2.1 ๓ฎ⌮ࢹࣂ࢖ࢫ  
 ㉥⾑⌫ィᩘ⏝ࡢ஧ẁ㝵ᕼ㔘ཬࡧⓑ⾑⌫ィᩘ⏝ࡢ⁐⾑ᕼ㔘ࢆ⾑⌫ィᩘ
ࡢ୍㐃ࡢ๓ฎ⌮ࢆࢹࣂ࢖ࢫୖ࡛⾜࠺ࡓࡵࠊ2 ࡘࡢ␰Ỉᛶࣃࢵࢩࣈࣂࣝ










































ࢆ⁲ୗࡋ㸦ᅗ 6㸫3(b)ཧ↷㸧ࠊ40Υ࣮࢜ࣈࣥ୰࡛ 2 ᫬㛫஝⇱ࡉࡏࡓ㸦ᅗ
6-3(c)ཧ↷㸧ࠋḟ࡟ࠊ࣐࢖ࢡࣟὶ㊰ᡂᙧရ࡜࢝ࣂ࣮ࢩ࣮ࢺࢆ఩⨨ྜࢃࡏ
ᚋ࡟㈞ࡾ௜ࡅࠊΰྜࢳࣕࣥࣂෆ࡟ΰྜ⏝ࡢ┤ᚄ 0.5mm ࡢࢫࢸࣥࣞࢫ















      (a) Photograph                          (b) Perspective i l lustration 
 
 
ᅗ 6-2 ⾑⌫ィᩘ⏝๓ฎ⌮ࢹࣂ࢖ࢫ  
Fig.6-2  Blood preparation device made of polystyrene and manufactured 
by injection molding 
 
 






























ᅗ 6-3 ๓ฎ⌮ࢹࣂ࢖ࢫࡢ⤌❧  























































































(c) Cross-section of jointing the device and the interface block 
 
ᅗ 6-4 ㏦ᾮไᚚ⿦⨨  









Diluting fluid Magnetic bead
Waste channel
Primary



















ᅗ 6-5 ➨୍ᕼ㔘࡟࠾ࡅࡿ㏦ᾮไᚚ  
























6.2.3 ィᩘࢹࣂ࢖ࢫ  

















ᅗ 6-6 ࣐࢖ࢡࣟࢥ࣮ࣝࢱ࣮࢝࢘ࣥࢱ  














6.3 ᐇ㦂  

















ࡢ⠊ᅖ࡛ 1nm ẖ࡟ ᐃࢆ 15 ᅇ⾜ࡗࡓ⤖ᯝࡢࢫ࣌ࢡࢺࣝࢆ♧ࡋࡓࠋᅗ






๓ฎ⌮ࢹࣂ࢖ࢫࡢ➨୍ΰྜࢳࣕࣥࣂ࡟ 0.3%㟷Ⰽ 1 ྕⰍ⣲࣭5%⾑₢Ỉ
⁐ᾮ 50μL ࢆ࣮࢜ࢺࣆ࣌ࢵࢺ࡛⁲ୗࡋࠊ➨୍ᕼ㔘࡟࠾ࡅࡿ➨୍ィ㔞ὶ
㊰࡬ࡢ⾑ᾮࡢศ㞳࡜ྠᵝࡢ᪉ἲ࡛➨஧ィ㔞ὶ㊰࡟ 0.125μL ࡢ 0.3%㟷
Ⰽ 1 ྕⰍ⣲࣭5%⾑₢Ỉ⁐ᾮࢆศ㞳ࡋࡓࠋヨᩱ࡜ᕼ㔘ᾮࡢΰྜࡣࠊ50μL
















࠸ࠊ㟷Ⰽ 1 ྕⰍ⣲ࡢ྾཰ࣆ࣮ࢡἼ㛗࡛࠶ࡿ 629nm ࡢ྾ගᗘࢆ ᐃࡋࡓࠋ 
඲࡚ࡢ࣐࢖ࢡࣟὶ㊰ࢆ␰Ỉ໬⾲㠃ฎ⌮ࡋࡓ๓ฎ⌮ࢹࣂ࢖ࢫࢆ⏝࠸ࡓ























ᅗ 6-7 ➨୍ᕼ㔘ࡢホ౯ᡭ㡰  
























Coefficient of Variance at 542nm
CV = 0.60 % ( n = 15 )
 















Coefficient of Variance at 629nm















ᅗ 6-8 ⁐⾑ᕼ㔘ΰྜᾮࡢ࣊ࣔࢢࣟࣅࣥ྾཰ࢫ࣌ࢡࢺࣝ  















ᅗ 6-9 㟷Ⰽ 1 ྕᕼ㔘ΰྜᾮࡢ྾཰ࢫ࣌ࢡࢺࣝ  
Fig. 6-9 Absorbance spectra of diluted Blue 1 dye solution 
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1) ➨୍ィ㔞ὶ㊰࡬ࡢ඲⾑ 2µL ࡢศ㞳  
2) ➨୍ΰྜࢳࣕࣥࣂ࡬ࡢ 50µL ࡢᕼ㔘ᾮࡢ౪⤥  
3) ィ㔞ࡋࡓ඲⾑ࡢ➨୍ΰྜࢳࣕࣥࣂ࡬ࡢྤฟ  
4) ➨୍ΰྜࢳࣕࣥࣂ࡟࠾࠸࡚඲⾑࡜ᕼ㔘ᾮࡢΰྜ  
5) ➨஧ィ㔞ὶ㊰࡬ࡢ➨୍ᕼ㔘ヨᩱ 0.125µL ࡢศ㞳  
6) ➨஧ΰྜࢳࣕࣥࣂ࡬ࡢ 50µL ࡢᕼ㔘ᾮࡢ౪⤥  
7) ィ㔞ࡋࡓ➨୍ᕼ㔘ヨᩱ 0.125µL ࡢ➨஧ΰྜࢳࣕࣥࣂ࡬ࡢྤฟ  
8) ➨஧ΰྜࢳࣕࣥࣂ࡟࠾࠸࡚➨୍ᕼ㔘ヨᩱ࡜ᕼ㔘ᾮࡢΰྜ  
9) ➨஧ィ㔞ࡋࡓṧࡾࡢ➨୍ᕼ㔘ヨᩱࡢ⁐⾑ࢳࣕࣥࣂ࡬ࡢ⛣ື  












࠸࡚ 15 ᅇ⧞ࡾ㏉ࡋࡓࠋ  
ୖ㏙ࡢホ౯ࡢᑐ↷࡜ࡋ࡚ホ౯࡟⏝࠸ࡓ⾑ᾮࡢ⾑⌫ᩘࢆィ ࡍࡿࡓࡵࠊ
ỗ⏝ࡢ⾑⌫ィᩘ⿦⨨㸦SB-1420, ࢔࣮ࢡࣞ࢖㸧࡟ࡼࡾィᩘィ ࡋࡓࠋ  
ィᩘィ ࡢ⤖ᯝࢆ⾲ 6-1 ཬࡧᅗ 6-11 ࡟ࡲ࡜ࡵ࡚♧ࡍࠋ  
 
 
⾲ 6-1 ⾑⌫ィᩘ ᐃ⤖ᯝ  
Table.1 Measurement results of blood counting 
All-coated device  Partly-coated device Conventional Counter
Items Mean ± SD (n = 15) Mean ± SD (n = 15) Mean ± SD (n = 15)
Erythrocyte (count/uL) 44.8 ± 1.0 (* 10
5
) 49.6 ± 9.6 (* 10
5
) 48.2 ± 0.7 (* 10
5
)
Total leukocyte  (count/uL) 48.7 ± 1.4 (* 10
2
) 44.3 ± 6.1 (* 10
2
) 51.1 ± 1.1 (* 10
2
)
Ratio of Lymphocyte (%) 33.1 ± 2.4 30.9 ± 4.4 34.2 ± 1.6
Ratio of Monocyte (%) 17.9 ± 2.6 16.1 ± 4.1 16.7 ± 1.8 






























ᅗ 6-10 ⾑⌫ィᩘࡢ෌⌧ᛶホ౯ᡭ㡰  






























































































































(b) Ratio of leucocyte subtypes 
 
ᅗ 6-11 ㉥⾑⌫࠾ࡼࡧⓑ⾑⌫ィᩘࡢ ᐃ⤖ᯝ  
Fig 6-11 Measurement results of blood cell counts 
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ᅗ 6-12 ὶ㊰࡟ṧ␃ࡋࡓヨᩱࡢ㢧ᚤ㙾෗┿  
Fig.6-12 Microscope photograph of sample plug in the microchannel of the 
















ᅗ 6-13 ࣐࢖ࢡࣟὶ㊰▴ᙧ᩿㠃ࡢゅ㒊ࢆὶࢀࡿ⾑ᾮ  



















ᅗ 6-14 ゅ㒊ࢆὶࢀࡿ⾑ᾮࡀྜࢃࡉࡿ⌧㇟ࡢᶍᘧᅗ  



































(b) All-coated device 
 
ᅗ 6-15 ౑⏝ᚋࢹࣂ࢖ࢫࡢὶ㊰ࡢ㢧ᚤ㙾෗┿  
Fig. 6-15 Microscopic images of the channels from used devices 
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ᮏ◊✲ࡣࠊµTAS ࢹࣂ࢖ࢫࢆ POCT ࡟㐺⏝ࡍࡿࡓࡵࡢ 3 ࡘࡢㄢ㢟ࢆྠ᫬
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➨ 7 ❶ ⤖ゝ  
 
7.1 ᮏㄽᩥࡢ⤖ㄽ  
 µ-TAS㸦Micro Total Analysis Systems㸧ࢆ⏝࠸ࡓ POCT㸦Point of care 
testing㸧⏝⾑ᾮ᳨ᰝࢹࣂ࢖ࢫࡣࠊ་⒪ࢧ࣮ࣅࢫࡢྥୖࢆ⏕ࡳฟࡍࡶࡢ
࡜ࡋ࡚ᮇᚅࡉࢀ࡚࠸ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ⮫ᗋ᳨ᰝࡢ⌧ሙ࡟ཷࡅධࢀࡽ
ࢀࡿᐇ⏝ⓗ࡞ POCT ⏝ µTAS ࢹࣂ࢖ࢫࡣᐇ⌧ࡉࢀ࡚࠸࡞࠸ࡢࡀ⌧≧࡛
࠶ࡿࠋ  
 µTAS ࡀ POCT ࢹࣂ࢖ࢫ࡜ࡋ࡚⮫ᗋ᳨ᰝࡢ⌧ሙ࡟ཷࡅධࢀࡽࢀࡿࡓ
ࡵࡢㄢ㢟ࡣࠊ①ಙ㢗ᛶ㸦᳨ᰝ⤖ᯝࡢ෌⌧ᛶ㸧㸪②⡆౽ᛶ㸦౑࠸᫆ࡉ㸧ཬ
ࡧ③ࢥࢫࢺࡢ 3 ࡘ࡛࠶ࡿࠋ  







































































➨ 6 ❶࡛ࡣࠊ⾑⌫ィᩘ᳨ᰝ⏝ POCT ࢹࣂ࢖ࢫࡢᐇ⌧ࢆ┠ⓗ࡜ࡋࠊ➨























ᮏ◊✲ࡣࠊμTAS ࢹࣂ࢖ࢫࢆ POCT ࡟㐺⏝ࡍࡿࡓࡵࡢ 3 ࡘࡢㄢ㢟ࢆྠ᫬
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